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FOREWORD -

This final report describes analytical and experimental work
conducted to identify the mechanisms governing Reactive Stream Separation
(RSS) and to develop techniques for predicting its occurrence. RSS is a
combustion induced phenomenon that resuits in striation of hypergolic
propellant oxidizer and fuel sprays fans. This reduced intra-element
mixing (compared to the well-mixed distribution developed in a non-reacting
cold flow case) can influence thrust chamber performance, heat transfer, and
stability.' The activity was performed by Aerojet Liquid Rocket Company on
Contract MAS 9-14186, under the direction of Merlyn Lausten, NASA/JSC
Project Manager. Aerojet personnel included L. B. Bassham, Program Manager,

D. L. Kors, Project Manager and B. R. Lawver, Project Engineer. J. Y. Salmon
also served as ALRC Program Manager, commencing in January of 1978. The
following individuals also contributed significantly to the success of the r
program: :
a{
Paul Lloyd Test Engineering
Arnold Keller Test Engineering .
Duane Robertson Test Instrumentation i
Cliff Thompson Combustor Design
Lee Lang Combustor Design
Gene Hron Fabrication i
Judy Schneider Data Analysis f
Dick Walker Data Analysis. i
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ABSTRACT

An experimental and analytical program was conducted to develop an
understanding of the mechanisms controlling hypergolic propellant reactive
stream separation (RSS). RSS is a combustion induced phenomenon that results
in striation of hypergolic propellant oxidizer and fuel sprays fans. This
reduced intra-element mixing (compared to the well-mixed distribution developed
in a non-reacting cold flow case) can influence thrust chamber performance,
heat transfer, and stability. The program end product was development of design
criteria for coping with RSS to allow the design of high performing, stable
injectors. RSS mechanisms were identified using high speed color photography to
observe reactive stream mixing of single element injectors tested with N204/
MMH, N204/A-50, and N204/N2H4 propellants. Three hundred and fifty six tests
were run over a chamber pressure range of 60-1000 psia, a fuel temperature range
of 55°F-300°F, and a fuel velocity range of 30-200 ft/sec. This wide parametric
characterization included modeling of the Space Shuttle Orbital Maneuvering
System (OMS) and Reaction Control System (RCS) engine injectors.

Tests were conducted using five different conventionally machined unlike
doublet elements and two triplet elements. Also, three platelet elements were
tested. Platelet injectors are fabricated by bonding together a stack of thin
metal sheets which have etched flow passages. A simulation of the Space Shuttle/
RCS engine injector element was included in the unlike doublets and a simulation
of tha Space Shuttle/OMS engine platelet like-on-like doublet injector element
was included in the platelet injectors.

The single element firings were conducted in a specially constructed
chamber fitted with quartz windows for photographically viewing the
impingement spray field. Analysis of the film identified the occurence of
reactive stream separation as evidenced by non-uniform spray fields.
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ABSTRACT (cont.)

Distinct regions of mixing and separation were identified and correlated for
each of the injectors tested. Color photographs of the combustion phenomena
are included. Finally, a working model was developed that correlates RSS as
a function of a fuel vaporization rate control parameter.

The most important design criteria derived from this work states
that: "the element should be designed to avoid transition between mixed
and separatea modes within the engine operational envelope".
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I. SUMMARY

The objective of this program was to develop an understanding of the
mechanisms controlling hypergolic propellant reactive stream separation (RSS).
RSS is a combustion induced phenomenon that results in striation of hvr: nlic
propellant oxidizer ard fuel sprays fans. This reduced intra-elemen .rixin’
(compared to the well-mixed distribution developed in a non-reacting cold
flow case) can influence thrust chamber performance, heat transfer, and
stability. The program end product was development of desirn criteria for
coping with RSS to allow the design of high performing stable injectors.

This objective was accomplished through high speed color photography and
analysis c¢f single element injector tests using N204/MMH, N204/A~50, and
N204/N2H4 propellants. Three hindred and fifty six tests were run over a
chamber pressure range of 60-1000 psia, a fuel temperature range of 55°F-
300°F, and a fuel velocity range of 30-200 ft/sec. This wide parametric
characterization included modeling of the Space Shuttle Orbital Maneuvering
System (OMS) and Reaction Control System (RCS) engine injectors.

Tests were conducted using five different conventionally machined
unlike doublet injectors and two triplet elements. Also, three platelet
injectors elements were tested. Platelet injectors are fabricated by
bonding together a stack of thin metal sheets which have etched flow passages.
A simulation of the Space Shuttle/RCS injector was included in the unlike
doublets and a simulation of the Space Shuttle/OMS engine platelet 1ike-on-

1ike doublet injector (T-LOL) was included in the platelet injectors.

The hot firings were conducted in a specially constructed chamber
fitted with quartz windows for photographically viewing the impingement spray
field. Analysis of the film identified the occurrence of reactive stream
saparation as evidenced by non-uniform spray fields. Four modes of impingement

were identified from the film; Penetration, Mixing, Mix/Separate and Separation.

Penetration occurs at low injection velocity (less than 50 ft/sec), low fuel

temperatures (below 70°F) and low chamber pressure (less than 100 psia) and
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I, Summary (cont.)

is evidenced by "shcot-through" of the fuel and oxidizer. Penetration has

been reported in earlier cold flow work and was also observed on this program

using propellant simulants as well as reactive streams. Penetration is a
consequence of the non-reactive momentum exchange mixing process. Mixing is
observed at moderate injection velocities (50-100 ft/sec), moderate fuel
temperatures (70-90°F) and moderate chamber pressures (100-200 psia). It is

evidenced by a highly uniform spray field which looks similar 0 a non-reactive

spray field. Mix/Separate occurs at the onset of RSS. It is evidénced by a
slightly non-uniform spray field. Separation is observed at higher injection
velocities (greater than 100 ft/sec), higher fuel temperature (greater than
90°F), and higher chamber pressures (greater than 200 psia). It is evidenced
by highly non-uniform spray fields in which distinct regions of unmixed fuel
and oxidizer exist.

Distinct regions of mixing and separation were identified and corre-
lated for each of the injectors tested. It was found that regimes of RSS
with the coherent stream types of injector (i.e., the unlike doublets and
triplets) are all correlated by the equation;

Pc = 4.4 x 108 (Rer)~1-3 Equation (1)
where:
REF = Fuel QOrifice Reynolds Number.
Mixing occurs at chamber pressures less than that specified by Equation (1)
and separation cccurs at greater chamber pre sures. Regimes of RSS with the

self-atomizing platelet types of injecters (i.e., the etched flow passages
create mechanical jet atomization for a single element) are correlated by:
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I, Summary (cont.)

Pc = 1272 (REF)"C+2% (XDT & Splash Plate) Equation (2a)

Pc

839 (rer)~0-24 ¢

TLOL). Equation (2b)
Again mixing occurs at chamber pressures below this value and separation occurs
at pressures greater than this. The fuel Reynold's number (REF) successfully
correlated RSS because fuel vaporization was identified as the comuustion rate
limiting mechanism 1or the propellant cumbinations tested.

Injector design criteria were developed and are included as Appendix A
of this report. The most important design criteria derived from this work
states that, "transitions from regimes of mixing to separation and vice-
versa should be avoided within the engine operational ernvelope". If an
element can not be made to operate entirely within the mixing ragime the::
it is better to redesign the element such that it operates entirely within
the separation regime. The reason for this design approach is to create
relatively constant combustion response to allow optimum design of injector/
chamber performance, heat transfer, and stability characteristics. Coherent
jet RSS was shown to be a strong function of the operating chamber pressure.
The self-atomizing elements tend to operate predominately in the separated mode
for most practical applications and are relatively insensitive to chamber
pressure change. They are therefore ideal for engines which must operate over
wide Pc-MR ranges.

Testing with the Space Shuttle/RCS unlike doublet identified non-
reactive off-momentum effects that can also modify spray mixing uniformity
with unlike doublets. These results show that elements that are ins:nsitive
to momentum changes such as the triplet or pentad are preferable to unlike
doublets for engines that must operate ovar a wide mixture ratio ranyge.
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I1. INTRODUCTION

The objective of this program was to develop an understanding of the
mechanisms controlling hypergolic propellant reactive stream separation
(RSS). The program end product was development of design criteria for
coping with RSS to allow the design of high performing stable injectors.

Hypergolic earth-storeabie N204/Amine propellants have been historically
used for a wide range of liquid propulsion system applications. They are used
on the first, second and third stages of the Titan II ans Titan III launch vehicle.
Also, they nave been the near exclusive choice for reaction control and orbital
maneuveringsystems with low to moderate aV requirements (e.g., Apollo and Space
Shuttle). These propellants are highly reactive and can experience reactive
stream separation (RSS) (i.e., blowapart) which can inhibit intra-element mixing
hence reducing the overall spray mixture ratio and mass distribution. Modifications
of the spray uniformity can result in altered combustion efficiency, gas-side heat
transfer coefficient, and stability. It is imperative that the RSS phenomena
be understood so that the designer of today's high efficiency engines can cope
with its effects.

Several studies (References 1-17) have been conducted over the past
decade in an effort to understand the RSS phenomena, identify operational
limits of RSS, and develop design criteria for its avoidance. Several RSS
models were postulated but none were able to account for all of the experimental
data. Also conflicting data were reported due to problems of definition
and problems of experimental limitation.

This study was undertaken to; clarify some of the previous studies;
to provide a consistent set of data for the identification of mechanisms
responsible for RSS and; to map RSS regimes for a wide range of injector
elements including Space Shuttle applications. The injector elements and
the range of parameters tested are summarized in Table I. A more detailed
data summary is included in Appendix B.
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I, Introduction (cont.)

Fuel vaporization rate controlled combustion was identified as the RSS
governing mechanism and was used to develop an RSS model. RSS operating limits
were defined for all of the injector elements listed in Table I.

Injector design criteria were developed and are included as Appendix A
of this report. The primary element design criteria states that the elements
should be designed to avoid transitions between mixed and separated modes
within the engine operating Pc-MR range. The element design criteria provides
the necessary data required to meet this goal.

The technology developed on this program has been used to aid the
development of the Space Shuttle Orbital Manuevering System (SS/OMS) engine,
the development of an advanced injector during the Improved Transtage Injector
Program (ITIP), and to characterize the Space Shuttle Reaction Control System
(SS/RCS) engine injector element. The study results are also applicable to
future systerc. particularly those utilizing earth storable hypergolic propellants.



[II.  TECHNICAL APPROACH

The objective of this program was to develop an understanding of the
mechanisms controlling hypergolic propellant RSS. Design criteria for coping
with RSS to allow the design of high performing stable injectors would
be developed with that understanding. The approach taken was to clarify
some of the previous studies to provide a consistent set of data for the
identification of mechanisms responsible for RSS, and to map RSS regimes for
a wide range of injector elements that included Space Shuttle engine
applications. Clarification of the previous studies was accomplished through
an evaluation of the data and RSS models found in the literature. These

results were used to initiate an iterative model development/test program as
shown in Figure 1.

The program was incrementally funded as indicated in Figure 2.
Soreading the funding over a four year period has proven to be a cost effective
way to develop this technology. Sufficient time was available to thoroughly ?
assess the data, apply the results to engine development problems, and get |
feedback for program direction, as illustrated in Figure 1. This work was

especially instrumental in the successful development of the Space Shuttle/
OMS engine platelet injector.

The inter-relationship of each task toward development of the program
final vaporization controlled RSS model is shown in Figure 3. The Task I
objectives were to; critique all existing models relating to RSS, review
and summarize all associated RSS data, and formulate updzted RSS model based :
on existing data. The results of this work are documented in Reference 18. !

The Task II objective was to prepare a detailed program plan, i.e.,
to formulate a detailed method of approach to be taken for model testing

and verification in subsequent tasks. This work is documented in
Reference 19,
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III, Technical Approach (cont.)

The Task III objectives were to define the mechanisms governing RSS,
establish limits for RSS and to define appropriate models. The work
included; design, fabrication and testing of two single element unlike
doublet injectors, incorporation of high speed photographic techniques
for visual propellant stream characterization, and correlation of RSS
with various independent test variables. The results of the Task III work
are documented in Reference 20.

The Task IV objectives were to; establish operating limits for RSS
for other injector types, and verify mechanisms governing RSS and the
appropriate physical models resulting from the Task III work. The Task IV
effort included the design, fabrication and testing of triplet and self-
atomizing platelet injectors. The term "self-atomizing" as used here means
that a single propellant provides the atomization, eithe:r by self impinge-
ment or by impingement with a surface. This work is documented in Reference
21.

The objective of Task V was to review all available reactive stream
separation data and develop a more comprehensive RSS model. This model
effort was directed toward definition of mixed and separated zones which
can be related to injector element design and operating parameters. The
output of this task was used to select operating conditions to be tested
in Task VII, the final model verification tests.

The objective of Task VI was to design and fabricate two flight type
injectors. A sharp-edged unlike doublet and the Space Shuttle/RCS unlike
doublet element were selected. Each of the injectors incorporated indepen-
dently manifolded elements so that two different single element designs
were built within each of the injector bodies. In addition, a previously
designed and fabricated platelet like doublet element (TLOL), which dupli-

11
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111, Technical 4pproazh (cont.)

cates the SS/OMS engine core element design was made available for Task VII
testing. The results of Task V and VI are documented in Reference 22.

The Task VII objectives were to define regimes of RSS for the flight
type injector elements fabricated in Task VI. Testing included the sharp-
edged unlike doublet, the Space Shuttle/RCS unlike doublet, the Space
Shuttle/OMS platelet TLOL, and the rounded inlet unlike doublet. Both
MMH and N2H4 fuels were tested. The results of this work are included

herein.
The Task VIII objective was to prepare an element design criteria

for coping with the effects of RSS. The design criteria are included as
Appendix A.

12
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Iv. RESULTS AND CONCLUSIONS

A.  RESULTS

Regimes of RSS were identified for the following coherent
jet and self-atomizing impingement type injector elements using high
speed color photography;

(°  Unlike Doublet
Coherent Jet Z ° Rounded Inlet Long L/D (L/D = 12)
Elements ° Sharp Edged Short L/D (L/D = 5)

° Space Shuttle/RCS (L/D = 10)
L ° Fuel-Oxidizer-Fuel Triplet
(o X-Doublet Platelet

Self-Atomizing < ° Splash Plate Platelet

Elements L °  Space Shuttle/OMS Like-on-Like Doublet

Platelet

Vaporization controlled combustion has been identified as the
mechanism controlling RSS with both coherent and self-atomizing injector
elements. Data correlations for coherent jet elements made on the basis
of a vaporization controlled RSS model show that regimes of RSS are
correlated with chamber pressure and the fuel orifice Reynolds Number as
shown in Figure 4. The fuel orifice Reynolds Number correlates RSS because
fuel vaporization is combustion rate controlling for the N204/Amine fuels
propellant combinations. The Reynolds number includes the design
parameters that have a first order influence on vaporizing rate. The chamber
pressure exhibits the strongest influence on RSS, increasing chamber pressure
promotes RSS. Orifice diameter, injection velocity and propellant temperature
effects are correlated with the fuel orifice Reynolds Number. Increasing
anyone of these promotes RSS. Self-atomizing elements experience RSS at
Tower pressure and show less of a Reynclds Number dependence than the coherent
jets as shown in Figure 5.
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Figure 4. Vaporization Model Correlates RSS for Coherent
Stream Impingement Injector Elements
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1V, Results and Conclusions {cont )
B.  CONCLUSIONS
The following conclus: :it: are drawn from this work.
1. The single = om: hnot fire investigation technique has
nrovided an ef ective, iow-cn:. soproach for understanding the earth-storable

hypergolic propelant combusiiin process.

2. Photoqgraphir, coverage of single element combustion has been
verified as a valuable process understanding technigue.

3. RSS is a consequence of vaporization controlled combustion
at the impingement interface. '

4. RSS regimes are defined by the chamber pressure and fuel
orifice Reynolds Number for a wide range of injector elements.

5. Operation in RSS transition regimes should be avoided if
the spray mass and mixture ratio distributions are to be control’ed.

6. RSS technology has benefited storable engine development.

7. Non-hypergolic impingement may experience RSS since vapori-
zation is the controlling mechanism.
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V. APPLICATION OF RESULTS AND RECOMMENDATIONS

A.  APPLICATIOMN OF RESULTS

The application of the results of this program can be groupe
under three headings; 1) development of RSS design criteria anu high speed
color photography techniques for hypergolic propellants, 2) application

of these techniques on current hypergolic propellant technology and development
programs, and 3) application of these techniques to advanced systems utilizing

other propellant combinations.

1.  Hypergolic Prope:lant RSS Models and Techniques

The primary result of this program is the development of
design criteria for coping with RSS experienced with hypergolic N204/Amine
propellants. These design criteria provide gidelines for the design of
high performing stable injectors. Criteria for both coherent stream and
atomized spray impingement type of injector elements are included. (See
Appendix A).

A secondary but important result of this program is the
development of high speed color photography techniques for observing single
element injector combustion. RSS design criteria could not have been
developed without these techniques. The high speed color photography is
applicable to both single and multiple element injector combustion tests.

2. Application to Current Programs

These photographic techniques were used on the Acoustic
Cavity Technology for High Perfurmance Injector Program (Ref. 23), Contract
NAS 9-14232, to observe cavity/injector pattern interactions. The under-
standing gained has aided the development of stability prediction models
at the Aerojet Liquid Rocket Company.

17
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V, A Application of Results (cont.)

The technology and techniques develcped on this program
were used on the Space Shuttle/OMS engine injector development program
(Ref. 24) to solve an injector related "resurge" stability problem. A
hign freauency "resurge" instability persisted despite numerous design
moditications. Analysis of OMS and OME technology test results indicated
that "resurge" instability involved chamber acoustics, injector hydraulics,
and the combustion process. The first order stability intluencing parameters
were 7Tound to be the injector eslement design, the injector ring manifold and

crifice hydraulics and the chamber acoustic cavity cornfiguration.

ALRC combustior stability medels were used to svaluate
injector designs to predict differences in their stability characteristics.
Their predicted stability behavior were then compared to the experimentally
known behavior to identify the probable mechanisms and appropriate design
parameters which might account for the stability differences. The following
parameters were identified as stabilizing influences and consequently
selected for element design criteria:

®  Element hydraulic inertance

®  Unlike impingement height

° Atomization

° tlement and pattern mixing rate

° Energy Release Efficiency (ERE) vs chamber length
profile.

Understanding of these combustion parameters was accomplished
through the use of uni-element and multi-element subscale injectors. Uni-
element injector cold flow tests were conducted to characterize the element
and spray hydraulics to determine the spray fan geometry, the unlike impinge-
ment height, the relative atomization distribution, and the element pres-
sure drop. The more promising uni-element designs were hot fire tested in

18
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¥, A, Application of Results (cont.)

the photograchic chamber designed and fabricated ecn this program to compare
element spray combustion rates and sensitivity. Hot fire characterization -
was achieved through:

1. Analysis of high speed movies using techniques developed
on this contract to identify the influence of design parameters and operating
conditions on relative spray mixing and "blowapart".

2. Measurement of C* performance used to quantifv spray
nixing influences.

3. Perturbation of the element sprays with a shock tube -
to measure their high freguency combustion pressure response.

The fundamental understanding of the combustion process
gained from the subscale tests was used to synthesize tnree fullscale platelet
injector patterns for dynamic combustion stability demonstration. Na
evidence of “"resurge" instability was encountered on any of the three full
scale platelet injectors. Furthermore, all delivered acceptable performance
and demonstrated that it is not necessary to sacrifice pcrformance to improve
stability characteristics. Good chamber compatibility was also achieved.

The transverse like-on-like (TLOL) platelet injector element
was selected for the OMS engine as a result of the subscale program. The
spray mass and mixture ratio distributions produced by this element were
found to be insensitive to engine operating point which permits greater
nredictability of performance, compatibility and stability. The TLOL
nl et element OMS injector pattern design has in fact demonstrated
good performance, excellent combustion stability and excellent chamber
compatibility. The OMS engine is the first manrated engine to be flight
qualified to the rigid CPIA 247 stability specification.

e e« et R P Bodns . e ke (n v -
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Y, A, Applicaticn of Results (cont.)

The Space Shuttle/RCS engine injector element was photo-
graphically characterized over its full chamber pressure/mixture ratio
operating range. This element was observed to be extremely sensitive to
operating condition not only from an RSS standpoint but also from a stream
momentum balance standpoint. These photos have aided understanding of the
SS/RCS engine performance and compatibility.

3. Application to Future Systems

The photographic techniques developed on this program can
be used to esteblish an understanding of combustion phenomena associated

with any fuels and injectors. The fuei vaporization rate controlled RSS model

developed during the progrem is currently being extended to hydrocarbon
fuels on the Photoyraphic Combustion Characterization of LOX/Hydrocarbon

Type Propellants Program, Contract NAS 9-15724. This investigation will aiso

utilize single element photography to gain understanding of combustien
processes.

B.  RECOMMEMDATIONS

The following recommendations ar> made on the basis of the

program results.

1. The RSS criteria should be incorporated into the JANNAF
standardized performance computer programs to warn the designer of
operation within RSS regimes.

2.  The photographic techniques should be used to define
combusticn mechanisms with fuels for prospective new engines.

20




VI. TECHNICAL DISCUSSION

A.  EXPERIMENTAL HARODWARE AND TEST SETUP

1. Test Apparatus

The test apparatus consists of a test chamber equipped
with transparent viewing ports and removable injectors and nozzles as
shown in Figure 6. The test chamber and an unlike doublet injector were
designed and fabricated during the Task III effort. Two triplet and two
platelet injector elements were designed and fabricated during the
Task IV effort. Two sharp-edged unlike doublet elements and two Space

Shuttle/RCS unlike doublet elements were designed and fabricated during
Tesk V and VI,

a. Test Chamber

The test chamber was machined from a 4-inch square
x 6-inch long block of 304 CRES. The combustion chamber section is 4
inches (10.16 cm) long, to which a 2 in. (5.08 cm) L* spacer is bolted to
increase the combustion zone length to 6 inches (15.2 cm). The block was
bored to provide a 2.75 inch (6.99 cm) diameter combustion chamber. Four
circular quartz windows were provided to facilitate photography and to
allow flexibility in phctographic lighting of the combustion process. The
windows are 1/2 inch (1.27 cm) thick to provide a safety margin for 1000
psia (6.89 x 105 N/mz) operation. The flat quartz windows are sandwiched
between durabula gaskets fcr cushioning aginst ignition shocks and uneven
loading. A silicon "0" ring provides sealing on the window periphery.
Quartz windows are used to provide good propellant compatibility and
well defined optical properties.

The ‘chamber was designed to provide an inert gas
(GNZ) film purge to prevent obscuring the view by propellant spray impingement

21

oo snady

[P ONT———_

e e

R et 2
e - o



TP ey

. .

4°308(ul Juawa(3l 3Lbuls pue uaqueyy 3s3) dtydesbojoyq "9 d4nbiqg

¥313WVI0
N HONI 2
N3
S20141%0 ’
X
¥3Z11X0
_ T
< i P U
(o8
] ~y
. S
1318000 3%1 NN i & %
IMT-NIdR] LNOHS ; X 2
= Q-
. 8
NIy
ININIVIZY
“ANIN 131
398nd
372208
¥34d0d ? hoann
ONIY J ﬁ ;
ININIVIIY
312208
VIO uSL°2- .
o 1 o
:o._ouz;u; 4 , [
21¥V0b VIQ .2 .-
) (/ . ,
¥OLI3ONI o W
INIWIT3 ITONIS P l;
o) T .—v e
19 »
', .
d ' "
i

22

RN

'Y



W emy ey ee

VI, A, Experimental Hardware and Test Setup (cont.)

on the windows. The jas purge flow is injected through four inlets into
an annular manifold. The gas is directed from the manifold through an
annular gap and made to flow around the periphery of the chamber wall.

The gas passages were sized such that the GN2 is injected into the chamber
at 50 ft/sec (15.2 m/sec) at 300 psia (2.07 x ]06 N/mz) chamber pressure
to minimize mixing with the propellant spray and combustion gas. Task II
testing showed that the cold GN2 purge gas causes poor spray field visi-
bility due to the density gradient created between it and the hot combustion
gas. A significant improvement in visibility was made during Task IV by
eliminating the purge gas entirely. A1l subsequent tests were run without
purge gas.

Provisions was made for mounting both high and low
frequency response pressure transducers and thermocouples. The nozzles
consist of removable copper inserts drilled to provide the desired operating
pressures.

b. Injectors
Four different unlike doublet injectors, two triplet

injectors, and three platelet injectors were tested during the program.
The detailed orifice configurations for each of these injectors are shown

in Figure 7. A1l but the SS/OMS platelet injector were designed and fabricated
on this program. The SS/OMS injector was obtained from the OMS subscale injector

development program (Reference 24).
(1) Task III Injector

The injector bodies were made in a cylindrical
"piston" shape as shown in Figure 8 to fit into the chamber purge ring

‘located at the forward end of the chamber. The injector is held in the

23
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VI, A, Experimental Hardware and Test Setup (cont.)

purge ring by allen head screws. A silicon rubber U-ring seals the injec-
tor to the purge ring.

The injector consists of a main body with brazed-
on inlet tubes. The injectors were made of 304 CRES to permit braze
assembly and provide dimensionally stable orifices. Two injecter patterns
were incorporated in one body as shown in Figure 6 to reduce fabrication
costs. The Task III rounded inlet unlike doublet element design parameters
are included in Figure 5. The orifice L/D's were made long (24/1) with
rounded inlets to provide controlled hydraulics.

The injector orifices were flow tested prior
to the Task III hot fire testing to measure Kw's and to verify impingement
accuracy. The flow data are discussed in Section VI.C.1. Subsequent cold
flow tests were run during Task IV to characterize the rounded inlet
orifice hydraulics. Results of these tests are also discussed in Section
VI.C.1.

A high frequency response Kistler pressure
transducer mounting port was provided in the long impingement doublet as
shown in Figure 6 to measure impingement point disturbances. This port
was also used to install a high response thermocouple for measuring the
impingement point temperature rise.

(2) Task IV Injectors

The F-0-F triplet element and the self-atomizing
platelet element were selected for test evaluation during Task IV. Two
different triplet injectors were designed to evaluate the influence of
orifice diameter on RSS. The large triplet element has 0.030 inch (.076 cm)
diameter fuel orifices and the small one has 0.020 (.05 cm) inch dia.
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VI, A, Experimental Hardware and Test Setup (cont.)

fuel orifices as shown in Figure 9. The orifice design details are shown
in the schematic of Figure 7. Both elements were EDM machined into the
same injector body to reduce fabrication costs. Separate.propellant inlets
were provided.

The orifices were designed with short L/D's
and sharp edgad inlets to simulate typical rocket injector orifice hydraulics.
The results of a cold flow evaluation of the triplet injectors are discussed
in Section VI.C.T.

The X-doublet and the splashplate self atomizing
platelet elements shown in Figure 10 were selected for test evaluation. Both
elements were photoetched into the same platelet stack to minimize cost.

The platelet stack was bolted to an injector body provided with a single
set of propellant inlets. Manifolding of the desired element was accomp-
lished by rotation of the platelet stack. "0" rings were used to seal the
platelet stack propellant passages to the injector body.

The X-doublet element consists of a parallel
self-atomizing fuel and a parallel self-atomized oxidizer stream placed in
close proximity to one another such that mixing occurs by parallel stream
momentum exchange. Self-atomization is accomplished by self-impingement
within the platelet stack as shown in Figures 10 and 13. The resultant
atomized stream is ejected perpendicularly from the platelet stack. The
splash plate element consists of one self-atomized fuel stream impinging on

one self-atomized oxidizer stream. The self-atomization is produced by imping-

ing the propellant stream against a splash plate as shown in Figure 10.
(3) Task VI Injector

The sharp-edged inlet unlike doublet, the
Space Shuttle/RCS unlike doublet, and the Space Shuttle/OMS platelet

27
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VI, A, Experimental Hardware and Test Setup (cont.)

TLOL elements were selected in Task V for testing in Task VII. The sharp-
edged inlet unlike doublet injectors are shown in Figure 11. The orifice
configurations are shown in Figure 7. The L/D's were selected to be about

4/1 to represent a typical flight configuration. Two fuel orifice diameters

were selected, a 0.020 in. diameter and a 0.030 in. diameter, to determine
orifice diameter effects. Botn elements were EDM'ed into the same injector
body to save fabrication costs.

The Space Shuttle/RCS unlike doublet injector is

shown in Figure 12. The detailed orifice configuration is shown in Figure 7
Two elements were designed and rabricated to test the effect of impingement.
mismatcn. One element was made per the design with good centerline impinge-

ment. The second element was made with a 0.003 inch impingement mismatch.
The results of cold flow of these elements are discussed in Section VI.C.1.

ihe Space Shuttle/OMS engine platelet Transvaerse
Like On Like (TLOL) injector element is shown in Figure 13. The TLOL ele-
ment is designed to simulate the spray mixing of a conventional like-on-like
injector. The fuel and oxidizer streams are made to impinge on one another
to form sprays which are subsequently impinged. The platelet stack contains
two elements, the core element and the boundary element which differ only in

unlike impingement height. The boundary element has a longer impingement height

and lower fan cant angle than the core element. Only the core element was
tested on this program.

2. Hot Fire Test Facilityv Setup

The test apparatus was setup in the ALRC Research Physics
Laboratory Test Bay 2 as shown in Figure 14. A schematic of the propellant
system used is shown in Figure 15. Propellant (MMH/A-SO/N2H4/NTO) is stored
in 50-gallon, 3000-psi run vessels. Gaseous nitrogen pressurization of these
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VI, A, Experimental Hardware and Test Setup (cont.)

systems was used to provide controlled run conditions over a wide range
of injector and chamber pressures.

Propellant conditioning was provided by installing
in-line heat exchangers immediately upstream of the thrust chamber valves.
A hot water circulation type temperature conditioning system was used to
provide independent conditioning of the ox and fuel to temperatures from
ambient to 300°F.

A separately regulated GN2 supply was used to provide
test chamber back pressure as well as provide window purge for the chamber
viewports during the Task III testing. The window purge was eliminated early
in the Task IV testing to improve photographic quality.

3. Cold Flow Test Setup

The cold flow tests were also conducted in the ALRC
Research Physics Laboratory. Filtered, de-ionized water was used as the
test fluid on most tests. Pressure measurements were made using Heise
pressure gages and flow rate was measured using a time/volume technique,
with run times of from 60 to 200 seconds. Strobe light photographs were
taken of some of the injector flow tests tc better evaluate propellant
stream properties. Selected tests were also made with dyed water and
freon as the test fluids to evaluate non-reactive stream impingement charac-
teristics.

4., Hot Fire Instrumentation

The high frequency and low frequency instrumentation
listed in Tables II and III were used in the locations shown in the sche-
matic of Figure 16. Low frequency response test parameters were recorded
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Test Parameter

TABLE II

HIGH FREQUENCY RESPONSE INSTRUMENTATION

Nxidizer Manifcld
Pressure

Fuel Manifold
Pressure

Chamber Pressure

Injector Probe
Temperature

Instrument
Symbol Make Model
POJHF Kistler 601
PFJHF Kistler 601
PCHF Kislter 601
TP1 C/A

37

Range
0-3000 psi (P-P)

0-3000 psi (P-P)

0-3000 psi (P-P)
0-1000 °F

4 rao

Accuracy.

+0.5%

+ 0.5%
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TABLE II1

LOW FREQUENCY RESPONSE INSTRUMENTATION

Test Parameter

Oxid. Tank Pressure
Fuel Tank Pressure
Oxid. Injector Pressure
Fuel Injector Pressure
Chamber Pressure

Window Purge Pressure

Oxid. Flowrate
Fuel Flowrate

Oxid. Flowmeter Temp.
Fuel Flowmeter Temp.
Oxid. Injector Temp.
Fuel Injector Temp.

Oxid. Valve Voltage

Fuel Valve Voltage

Wind Purge Valve Voltage
Camera Voltage

injector Purge Valve
Voltage

My
K]

Symbol  Range Units "0" Graph Tape Digital
POT 0-1500 Psia X

PFT 0-1500 Psia X

POJ 0-1500 Psia X X
PFJ 0-1500 Psia X X
PC 0-1000 Psia X X
PNZ 0-2000 Psia X X
W0 0-0.1 Lb/sec X X
WF 0-0.1 Lb/sec X X
TOFM 0-500 °F X

TFFM 0-500 °F X

T0J 0-500 °F X

TFJ 0-500 °F X

vov X

VFW X

VWPV X

VCAM X

VIPV X
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YI, A, Experimental Hardware and Test Setup (cont.)

on a Consolidated Electrodynamic Corporation's direct writing oscillograph.
The high frequency response data were recorded on a Sangamo Model 3564
analog tape recorder,

The propellant flowrates were measured using the injec-
tor cold flow Kw's and the measured injecticn pressure drops. The pressure
drops were electronically determined from the PoJ, PfJ and Pc transducers.
Transducer loss and zero offsets were accounted for by pre-test calibra-
tion. The impingement point temperature was measured during Task III and IV
testing using the probes shown in Figure 16.

The test operating point data were digitized and
stored in an on-line HP 2100 A Computer/Real Time process controller for
"quick look" test review.

B.  PHOTOGRAPHIC EQUIPMENT AND TECHNIQUE

The intent of photographic characterization of injector
element combustion phenomena is to provide an understanding of the physico-
chemical processes that are operative at engine operating conditions. This
necessitates the ability to "look" through the flame to observe the liquid
propellant streams and resultant sprays to determine relative spray mass
and mixture ratio distributions by observing the liquid propellant colors.

It was found that the major problem associated with photo-
graphing combustion flow fields is that the combustion flame 1ight emission
is so intense that it masks the reflected light necessary to see the propel-
lant streams as illustrated in Figure 17. The best technique found for
overcoming the intense combustion light is to reduce the film exposure time
such that the film in effect doesn't "see" the flame light and then to
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VI, B, Photographic Equipment and Technique (cont.)

provide high intensity externai lighting for viewing of the propeliant
streams. The external lighting must be provided from the back, top, bottom,
and front to obtain a balance between reflected and absorbed light. It was
found that use of back lighting alone will not provide the lighting balance
required to properly interpret the film.

The photographic combustion characterization was accomp-
1.shed using the equipment shown in Figure 18, The photographic equipment
is centered around a Hycam model 41-00C4 rotating prism high speed movie
camera. This unique camera has the capability of varying the frame expo-
sure time independent of the film frame rate through a replaceable rotating
shutter. The shutter is mounted to the prism shaft and rotates at the same
speed as the prism. The light exposure at a given frame rate is controlled
by changing the shutter ratio of open time to close time. This is done with
interchangeable shutters. The available shutter ratios are:

1/2.5, 1/10, 1/20, 1/50, and 1/100.

The 1light exposure time is determined by the product of the shutter ratio
and the reciprocal of the frame rate:

. _ . 1
Exposure time = Shutter ratio x PP.ST (Pictures per sound)

Thus it is possible to obtain exposures of a few microseconds at relatively
Tow frame rates. For example, most of the photos taken used a 25 usec
exposure and a frame rate of only 800 fps. Some film were taken at frame
rates as low as 400 fps. This capability permits four to five tests to be
filmed on one 400 foot roll of film thus saving film costs.
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VI, B, Photographic Equipment and Technique (cont.)

During Task III pictures were taken over a wide range of
frame rates (8000 PPS to 400 PPS) and exposures (1.25 usec to 50 usec) to
determine the best operating conditions. It was found that the best pic-
tures were obtained at 400 pictures per second with the 1/100 shutter. A
35mm telephoto lense was used to provide magnification of the spray field.
The lense aperature was varied from f/3.3 to f/5.6.

Lighting of the spray field was initially accomplished with
the use of three 1000-watt quartz iodine lamps focused with Fresnel lenses as
shown in Figure 12. One lamp was used to backlight the spray area with the
second and third lamps used as top and front lighting to provide spray detail
and definition. The lighting was improved during the Task T’ testing by
replacing the front and top lights with smaller 750 watt lamps and adding
another lamp to light the bottom port as shown in Figure 17. The smaller
lamps were placed within one inch of the top and bottom windows to minimize
the illumination. The net effect was to improve the balance between the
front lighting and the back lighting. Froper balance between the background,
side and front lighting is essential to good quality photos.

The frame rate was increased to 800 PP> and the shutter
opened to 1/50 during Task TV to further improve the photographic quality.
Also during Task IV the GN2 purge which had been used during the Task JII
testing was eliminated which provided a significant improvement in film
quality. The GN2 purge creates density gradients within the flow field
which show up on the film. The effect is as though the field were being
viewed through a film of turbulent water. The photos were acceptable at
lower pressures (< 200 psia) where the density gradients were not severe ’

but were unacceptable at higher pressures (> 200 psia). The density gradients

were first eliminated by replacing the GN2 purge with a GHe purge which had
a density close to the combustion gas. However, no purge at all was found

to be the best solution since that not only avoids the density gradient problem
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V1, B, Photographic Equipment and Tachnique (cont.)

but also permits the windows to hea* up thus eliminating 11quid cundensa-
tion on the window.

Kodak Ecktachrome Type EFB tungsten (3200°K) color film
was used. Four hundred foot rolls of the No. 7242 film was selected to pro-
vide adequate viewing time. The film has an ASA 125 rating.

C.  TEST RESULTS

A total of 356 hot firings were conducted using the injec-
tor elements and fuels listed in Table I. Cold flow tests were also con-

ducted to determine the injector element hydraulic resistances and to charac-
terize non-reactive impingement phenomena.

1. Cold Flow Test Results

a. Hydraulic Characteristics

Each of the injectors were cold flow tested to
determine their hydraulic resistance and to verify impingement accuracy.
The cold flow tests were conducted in the Research Physics Laboratory.
Filtered, de-ionized water was used as the test fluid on most tests. Pres-
sure measurements were made using Heiss pressure gages and flow rate was
calculated using a time/volume tachnique, with run times of frum 60 to

200 seconds. Strobe 1ight photographs were taken of the elements to
evaluate propellant stream properties.

The Hydraulic resistances were determined for
each of the elements from plots of flowrate versus pressure drop as shown
in Figures 19 through 24. The resistance values are summarized in Table IV.
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TABLE 1V
INJECTOR ELEMENT COLD FLOW DATA SUMMARY

v
e A oD bttt + e

Fuel Orifice Oxidizer Orifice
Injector k¥ CD kW CD

Rounded Inlet Unlike Doublet, 0.00169 0.990 0.00215 0.900
Df = 0.020 Nos. 1 and 2
Small F-0-F Triplet 0.00128 0.772 0.00402 0.838 (Attached)*
Df = 0.020 No. 3 0.00334 0.696 (Detached)
Large F-0-F Triplet 0.00258 0.715 0.00754 0.751 (Attached)*
Df = 0.029 No. 4 0.00633 0.631 (Detached)
XDT Platelet Element 0.00125 0.537 0.00162 0.534 (Detached)**
Df = 0.021 No. 10
Splashplate Platelet Element 0.00110 0.602 0.00141 0.591 (Detached)**
Df = 0.021 No. N
Space Shuttle/RCS Unlike 0.00181 0.824 0.00351 0.855
Doublet, Df = 0.023 No. 7
Space Shuttle/RCS Unlike . 0.00177 0.808 0.00363 0.883
Doublet, Offset
Impingement, Df = 0.023 No. 8
Small Sharp Edged Unlike 0.00129 0.780 0.00204 0.856 (Attached)*
Doublet, Df = 0.020 Mo. 5 0.00168 0.710 (Detached)
Large Sharp Edged Unlike 0.00326 0.889 0.00418 0.780 (Attached)*
Doublet, Df = 0.030 No. 6 0.00295 0.790 0.00355 0.660 (Detached)
OMS Engine Platelet TLOL, 0.00409 0.630 0.00502 0.673 (Detached)** 5

Df = (0.028 Core No. 9

* Injector flowed attached during hot fire tests.
** Injector flowed detached during hot fire tests.
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VI, C, Test Results {cont.)

As noted in Table IV some of the orifices were
found to flow in a detached mode at ambient back pressures. The platelet
elements flow detached by design since their L/D's are less than one. This

allows them to flow detached also at hot f .. conditions and avoids
hydraulic flip.

Some of the triplet and sharp edged unlike
doublets flowed detached due to the low ambient backpressure and short
orifice L/D (Y4). These orifices were found to flow attached at the hot
fire test conditions (i.e., high back pressure). The rounded inlet unlike
doublet and the Space Shuttle/RCS element always flowed attached due to
the contoured inlets and long L/D's (24/1 and 12/1).

The stream quality of the rounded inlet unlike
doublet and the triplet eiements are discussed in detail in the interim
Report (Ref. 21). The results showed that the rounded inlet unlike
doublet flow remains laminar until the Reynolds Number based on the orifice
length reaches about 300,000 as predicted by the flow model of Reference 25.
The triplet short L/D orifices produce turbulent flow over the whole flow
range. It was also found that droplet shedding from the stream surface
begins at a Weber Number of 3.0 for the triplet streams as compared to
12.0 for the rounded inlet streams. The more turbulent triplet streams
were expected to exhibit RSS more readily than the more coherent rounded
inlet unlike doublet streams. However, the final data correlations do not

show a significant difference in RSS characteristics between the two
injectors.
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VI, C, Test Results (cont.)

b. Non-Reactive Impingement of the Unlike Doublet

The Space Shuttle/RCS unlike doublet injector
elements were cold flowed to observe the influence of the intentional
0.003 in. impingement offset. As shown in Figure 25 the 0.003 in offset
causes the fan to rotate about 20-30°. The mis-impingement was intended
to promote secondary mixing of adjacent propellant spray fans. The mis-
impingement appears to promote RSS since the hot firing movies show large
amounts of unmixed oxidizer within the chamber. The rotation of the fan
caused so much unmixed oxidizer to spray on the viewing window that a clear
definition could not be made. It is concluded that misimpingement should
be avoided since the resultant spray mixing is impaired.

——

Spray nonuniformity due to fuel and oxidizer
diameter mismatch was another cold flow phenomenon observed with the
Space Shuttle/RCS unlike doublet elements. Figure 26 shows stroboscopic
still photos of the SS/RCS element cold flow. The large diameter mis- :
match (Df = 0.023 and D0 = 0.0312) produces a "banana" shaped spray
distribution which results in two poorly mixed, poorly atomized, oxi-
dizer rich lobes. These oxidizer rich cones are apparent in the hot
fire movies.

The effect of off-nominal momentum ratio on the
spray distributions is also illustrated in Figure 26. Operation at the
fuel rich off-momentum condition is shown in the second photo. The low 1
oxidizer momentum and diameter mismatch cause the oxidizer stream to )
"umbrella" around the fuel stream resulting in poor mixing. The hot fire
results show that these effects coupled with RSS can result in poor per-
formance, stability, and compatibility. The oxidizer rich off-momentum

step in the injector face. The hot fire results confirm the improved
mixing at the oxidizer rich condition. It is suspected that if the
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VI, C, Test Results (cont.)

fuel free stream length were as great as that of the oxidizer stream than
equally poor mixing would occur.

A selected number of cold flow tests were run with
the rounded inlet unlike doublets to film the non-reactive impingement
process to serve as a baseline in interpreting the hot fire movies. The
non-reactive stream impingement is shown in the photograph of Figure 27.
This photograph is an enlargement of a 16mm high speed movie film. The
propellant simulants are dyed water (the blue stream) for fuel and freon
(the clear stream) for oxidizer. The momentum ratio condition is for best
mixing according to the Rupe criteria. (Ref 30). The spray uniformity
attained at the optimum stream momentum ratio condition is clearly evident.
The propellant "shoot-through" (i.e., penetration) phenomena reported by Rupe
is also observed with lower stream momentum as shown in Figure 27. The
"mixing" and "penetration" impingement modes are observed in hot firing and
look a great deal like these cold flow photos, except for the propellant
color differences.

2. Hot Fire Test Results

The hot fire tests were conducted in three separate groups
during Task III, Task 1V and Task VII. The test results are included in
Appendix B. Appendix B includes a description of the injector element, the
chamber pressure, the injection velocities and temperatures, the mixture

ratio and the mode of operation. Included are various correlation parameters.

The operation mode is specified as "mix", "separate" (SEP), "mix/separate"
(M/S), "mix/penetrate" (M/P), or "undefined". These modes were identified
from the high speed movies as illustrated in Figure 28 which shows an example
of each of the modes. These photos are blowups of 16 mm movie film.
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VI, C, Test Results (cont.)

The "Mix/Penetrate" model is characterized by a uni-
form spray field with some propellant penetration as evidenced by an oxidizer
rich zone opposite the oxidizer stream in the downstream spray. "Penetration"
occurs at low injection velocity (less than 5C ft/sec), low fuel temparatures
(belew 70°F), and low chamber pressure (less than 100 psia) and is evidenced
by "shoot-through" of the fuel and oxidizer. Penetration has been reported
in earlier cold flow work and was also observed on this program using propel-
lant simulants as well as reactive streams. Penetration i5 a consequence of
the none-reactive momentum exchange mixing process. "Mixing" is observed
at moderate injection velocities, (50-100 ft/sec) moderate fuel temperatures,
(70-90°F) and moderate chamber pressures (100-200 psia). It is evidenced
by a highly uniform spray field which looks similar to a non-reactive spray
field. "Mix/Separate" occurs at the onset of RSS. It is evidenced by a
slightly non-uniform spray field. "Separation is observed at higher
injection (greater than 100 ft/sec), higher fuel temperature (greater than
90°F), and higher chamber pressures (greater than 200 psia). It is evidenced
by highly non-uniform sprav fields in which distinct regions of unmixed fuel
and oxidizer ex'st. The "Undefined" designation was assigned to tests where:
(1) movie film were not taken, (2) the injector was improperly rotated in
relation to the camera, (3) or the film could not be interpreted due to poor
visibility. The only film that exhibited poor visibility were those taken
of the SS/RCS unlike doublet with the offset impingement where oxidizer
spray on the window obscured the view. The first few tests within the SS/
RCS injector were run with the injector rotated 90° such that the broad side
of the fan was viewed. Operating modes could not be identified for these
tests.

A total of fifty-one hot fire tests were run during
the Task III testing. The chamber pressure was varied from 80 psia to
1000 psia. The fuel injection velocity was varied from 54 ft/sec to 148
ft/sec. The fuel temperature was run at ambient and 200°F to determine its
effect on RSS. Twelve of the fifty-one tests were run with A-50 to determine
fuel effects on RSS. Temperature probing of the impingement point was done
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VI, C, Test Results (cont.)

with a small diameter temperatu:e probe to cain further insight into RSS
mecl.xnisms.

The results of the Task III testing showed that RSS
¢epends on the chamber pressure, the fuel temperature, and the injection
velocity. Increasing any one of these promotes RSS. Each of these effects
were investigated further during the Task IV testing which included testing
with the triplet injecter and the XDT and splashplate platelet injectors.
Additional A-50 testing was also included. One hundred thirty hot fire
tests and 10 cold flow tests were run. The results of the cold flow tests
are discussed in Section VI.C.1. The results of the Task IV testing con-
firmed the Task III results.

One hundred sixty four hot fire tests were run during
Task VII. The tests included the sharp edged unlike doublet elements, the
SS/RCS unlike douhlet and the SS/OMS TLOL platelet elsment. Hydrazine
fuel testing was also included witn the roundzd inlet unlike doublet, the
sharp edged unlike doublets, and the SS/0MS TLOL platele: element.

The test results show that: (1) A-50 and N2H4 fuel
behave 1ike MMH fuel in regards to RSS although combustion of the N2H4
fuel is distinctly different as discussed below; (2) increasing the fuel
velocity promotes RSS; (3) increasing chamber pressure promotes RSS;

(4) increasing fuel tmperature promotes RSS; and (5) self-atomizing/
spray impingement elements promote RSS.

Correlations developed from this data show that RSS
is controlled by a vaporization controlled interfacial reaction which is

correlated by plotting chamber pressure (Pc) versus fuel orifice Reynolds
Number (REF). By plotting the A-50 and NoH, RSS data on these coordinates
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Vi. C, Test Results {(cont.)

it was found that both fuels exhibit the same RSS limit as MMH fuel as
shown in Figures 29 and 30.

The combustion of the A-50 fuel is seen to be very
similar to that of the MMH fuel by comparing Figure 26 to Figure 27.
Whereas, the N2H4 combustion is seen to be distinctly different by comparing
Figure 30 to Figure 28. The MMH and A-50 combustion are characterized by
a zone of yellow combustion at the impingement point followed by droplet
vaporization in a blue spray field. The yellow color is due primarily to
the NH2 radical emission caused by decomposition of the fuel. The blue
color in the spray field is due to methyl radical emission as a result of
bipropellant combustion of the fuel vapors. The N2H4 combustion is charac-
terized by both a yellow impingement zone and a yellow spray field. Again
the yellow at the impingement zone due to a breaking down of some of the
fuel resulting in NH2 radical emission. The yellow spray field is due to
monopropellant combustion of the N2H4 droplets which is characteristically
yellow due to NH2 radical emission. The lack of Qlue emission is due to
the absence of methyl radical in the N2H4 fuel. Also note the larger
quantities of unreacted NO2 vapors. The N2H4 fuel burns primarily in a
monopropellant mode leaving only the decomposition products to react with
B the NO2 whereas the methylated fuels burn primarily in a bipropellant
{? mode with excess fuel vapor available for combustion with the NOZ’

- —

) A significant aspect of the N2H4 combustion not

¢ visible in the photo of Figure 30 is the observation of the production of

; solid particles within the impingement zone. The solid particles are

7 evidenced by bright red streaks emanating from the impingement zone.

Also visible in some of the film is the production of redaction inter-
mediates on the injector face due to fuel condensation and reaction with the
NO2 vapor. The reaction is characteristic of the surface reactions reported

P

62

o ThmdTyt

e

|



ROUNDED INLET UNLIKE DOUBLET NO. 1
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VI, C, Test Results (cont.)

earlier by Zung (Ref. 26) and Lawver (Ref. 27). Observation of the production
of reaction intermediates within the impingement zones of the N2H4 fuel
substantiates the "pop" mechanism proposed during Task I (Ref. 18) and
explains the energetic nature of the ”2H4 fuel as compared to the MMH and

A-50 fuels. It is concluded that two separate and distinct mechanisms

control RSS and pops. "RSS" is controlled by vapcrization limited combustion
at the impingement interface whereas "pops" are caused by reaction inter-
mediates formed at the impingement point by surface rzactions which sub-
sequently detonate in the spray field. The surface reactions occur with

Tow vapor pressure fuel or under conditions of high heat loss such as with
large streams (~0.060 in. dia) and/or cold propellants. Design parameters that
affect the reaction rates and resultant intermediate formation, and that would
be used to model the "pop" phenomenon include temperature chamber pressure,
Jet diameter, and injection velocity.

The effect of increasing fuel velocity on RSS is
illustrated in the photo of Figure 31. The tests were run at about 200
psia and ambient fuel temperatures using A-50 fuel. The effect of fuel
velocity is clearly illustrated by the change in mode from penetration
at 50 ft/sec to highly separated at 162 ft/sec. The fuel Reynolds Number
increases from 0.707 x 104 to 2.54 x 104.

Also shown in the photos is a thermocouple probe
used to measure the impingement point temperature. The results of the
temperature probing showed that the impingement point temperature increases
with increasing chamber pressure and injection velocity which is consistent
with a vaporization controlled mechanism.

The effect of increasing chamber pressure on RSS is
illustrated in Figure 32. The upper photo was taken at a chamber pressure
of 97 psia and a fuel velocity of 77 ft/sec with amhient temperature A-50
fuel and is characteristic of the "mix" operating mode. The lower photo
was taken at a chamber pressure of 489 psia and a fuel velocity of 104 ft/
sec with ambient temperature A-50 fuel. A4n equivalent test condition with
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» Figure 31. Increasing Fuel Velocity Promotes RSS
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VI, C, Test Results (cont.)

the same fuel velocity as the lower chamber pressure was not available.
However, the difference in REF (1.13 x 10% @ Pc = 97 and 1.50 x 10% @
Pc = 489) between the two tests is not significant since an REF of 1.50
4
x 10

influence is that of chamber pressure which is seen to cause a high degree

is well within the "mix" regime at 97 psia. Therefore, the primary
of separation at the 489 psia condition.

The effect of fuel temperature on RSS is illustrated
in Figure 33 which shows separation induced by high fuel temperatures. The
upper photo shows a mixing condition with ambient temperature MMH fuels at
a chamber pressure of 147 psia and a velocity of 84 ft/sec. The lower
picture shows separation with MMH fuel at a temperature of 294°F and a fuel
velocity of 105 ft/sec at Pc = 144 psia. The higher fuel velocity is not
enough to induce RSS on its own, therefore the primary influence is due to
a fuel temperature increase. As can be seen from Figures 31, 32, and 33,
the primary factors controlling RSS are the chamber pressure and the fuel
Reynolds Number. Therefore, increasing the fuel velocity, temperature or
orifice diameter all tend toward increased RSS.

The RSS characteristics of all of the coherent
stream elements (i.e., rounded inlet unlike doublet, triplet, sharp-edged
unlike dourblet, and RSS/RCS unlike doublet) were found to be smaller and
are correlated with the same correlation equation. The similarity in
behavior fer the small and large triplets and sharp-edged unlike doublets
is shown in Figures 34, 35, 36, and 37. The behavior of the SS/RCS unlike
doublet is illustrated in Figure 38 which shows the element behavior over
its whole Pc-MR operating range. The impingement mode and operating condi-
tion is indicated next to each photo.

The off-mixture ratio momentum effects on spray
mixing are seen to be as strong as the RSS effects with the SS/RCS unlike
doublet. [t is clearly undesirable to operate at extreme off-MR conditions
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Figure 33. Increasing Fuel Temperature Promotes RSS
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VI, C, Test Resuits (cont.)

with unlixe doubiet elaments due to the strong effect on spray distridu-
tions. Tl triplet or pentad coheraent elements or s21f-atomizing elements

which are l1ess sansitive o RSS and momentum ofrects would be better choices

for inject-rs that must cover wide mixture ratio ranges.

The RSS Characteristics of the XDT, the splashplate
and the SS/0MS TLOL self-atomizing elaments were found to differ from the
conerent stream elements in that RSS occurs at lower chamber pressures than
for the conerent stream elements. The RSS characteristics of the XDT and
the splashplate elements are illustrated in Figures 39and 30. Increasing
chaimb2r oressure and fu2l Reynolds Number (REF) promotes RSS. The chamber
sressure is a much stronger effect than the fuel velocity (REF) as evi-
denced by the small slope of the correlation line. RSS sets in at such low
chamber pressure levels (100 psia) that these elements generally always
ope:ate in the separated mode.

The SS/0MS TLOL platelet element is an example of
an element that operates in a separated mode over its entire operating
range as illustrated in Figure 41. The operating conditions are indicated
next to each pnoto. It is evident that *this elemert is insensitive to
engine operating mode. Although, it is always separated, the dasired engine
performance is attained by providing element overlap to take advantage of
inter-¢° ent mixing. Excellent performance, compatibility and storabi'ity
are provided by this element since the injector spray mass and n <(ture
ratio distribution remain nearly cons*ant over its whole operating range.

The SS/NMS TLOL element was found to operate much
the same with N2H4 fuel substituted for the MMH fuel as iilustrated in
Figure 42. The spray distributions are nearly identical over a wide
chamber pressure range.
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’ VI, Technical Discussion (cont.)
D. RSS MODEL DEVELOPMENT

The approach taken to develop an understanding of the RSS
mechanisms which led to the vaporization controlled model is outlined in
Figure 3. The process involved literature review, model evaluation,
development of high speed color photography techniques, testing of single
elements, and analytical modeling. Each of these efforts are discussed in
a chronological development.

An evaluation of existing RSS models and development of
RSS correlations was accomplished during the proposal effort and are reported
in the Task I Data Dump (Ref. 18). The results showed that the existing
models were inadequate ard that the mechanisms controlling RSS were not
understood. The data correlations, developed using the Zung {Ref. 17)
: N204/N2H4 data, showed that the controlling design narameters were chamber
T prassure, fuel temperature and fuel orifice diameter as illustrated in
Figure 43. The data defined a low pressure and a high pressure regime
of RSS. The low pressure RSS is clearly due to flash vaporization of the
N204 when it is injected in a supersaturated condition. Low pressure RSS
is of less significance to the engine desigr:r than the high pressure
RSS since it is generally not encountered at no:mal engine operating
pressures.

The possible modes of hype. golic reactions were examined
for possible RSS mechanisms since the cause of high pressure RSS was not
; obvious. Possible mechanisms were postulated for tne various regimes
on the basis of this examination. It wa. found that hypergolic reactions
occur primarily in the gas phase. Liquid phase reactions are not possible
(Ref. 14) due to extreme reactivity and immicibility of these propellants.
However, reactions do take place on the fuel surface under certain conditions
% (Refs. 26 and 27). These surface reactions lead to incomplete Tow enthalpy

80

RS Aiha



168 o

Pressure ~psia

1000
= D, = 0.060
- a ’ / // ‘ " / /
_ /°-/°' °°/ ////
" . / //il//
Z/_ _Z /
o o ° M X NG %
.__.__9___.__ — e e - — — |
*to ¢ . 7
cee o : N‘O4 VAPOR
. PRESSURE
| CURVE
]w - ° ..:C ote hd *
—-— \ ‘\ﬁ \\
- PPIN . | LOW PRESSURE |
\ N
_ 2o\ BOILING \ :
\\ N
\\‘o \ \ ;
\\ G MIX i
\ \ e POP
\ o SEP ’
1¢ ! '
40 T 140 160

Figure 43. Task I RSS Data Corralations

81

v

T S ——————— <

T M. T



tér . 4

&E"i RN

VI, D, RSS Model Development (cont.)

combustion witn the generation of solid reaction intermediates. The gas
phase reactions can occur in both a bipropellant and a moro-propellant
mode.

High pressure RSS was pcstulated to be a result of mono-
proreliant decomposition of the fuel ahead of impingement due to hot gas
recirculation heating as shown in Figure 44. It was believed that the
recirculation gas heats the fuel to the saturation temperature as shown in
Figure 44, with RSS occurring when the saturation temperature exceeds the
fuei vapor decomposition temperature (+450°F). The monopropellant decompo-
sition model predicted different chamber pressure limit for the Amine fuels
depending on their vapor pressure as shown in Figure 44. However, the
measured chamber pressure limits were subsequently found to be much lower
and to depend on fuel velocity and temperature.

Analysas conducted during Task I indicated that significant
heating of the bulk fuel stream does not occur although the surface film
is rapidly heated to the saturation temperature. The two rounded inlet
unlike injector elements shown in Figure 7 were designed to map RSS and to
test the high pressure RSS model during Task III. One element was designed
with a longer impingement length and, hence, more free stream heating than
the other to test the recirculation gas heating effect on the monopropellant
decomposition model.

The results of the Task III testing showed that the impinge-
ment length (i.e., recirculation gas heating) had no effect on RSS for the
range of lengths tested. It was also found that the RSS limits did not
agree with those predicted for MMH and A-50 fuels, therefore, it was con-
cluded that the proposed model was not correct. These test results also
showed that the transition from the mixed mode to the separated mode occurs
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VI, D, RSS Modal Development (cont.)

gradually with increasing chamber pressure rather than with an abrupt
change as had been previously supposed. An injection velocity and fuel
temperature effect on high pressure RSS was observed which was not indi-
cated by tne proposal and Task [ data cor elations.

Impingement point temperature probing with small diameter
thermocouples and clos2 examination of the movie film led to the develop-
ment of a surface reaction controlled RSS model aimed at explaining the
velocity effect. It was observed that aerodynamic shedding of liquid drop-
lets from the fuel jet surface occurs when the fuel velocity exceeds a
certain value identified by a critical Weber Number as shown in Figure 45.
Because the impingement point temperature rise was found to increase with
Weber Numter (i.e., injection velocity and chamber pressure) it was pestu-
lated *hat RSS is controlled by a surface rzaction. It was reasoned ‘aat
increasing the Weber Number would inc:-ease the pre-impingement surface area
due to droplet sheeding and hence promote RSS.

The vapor phase reazction model shown in Figure 46 was
derived in an attempt to explain the observed fuel temperature effect.
It was postulated that the gas phase reactivity could te related to the
vapor phase mixture ratio (MRVP). The MRVP decreases from extremely
oxidizer rich values with ambient temperature fuel to near stoichiometric
values when the fuel is heated. Hence, it as reasoned that increasing
fuel temperature would increase reactivity and promote RSS. The rcunded
inlet unlike doublet data were correlated by plotting the fuel Weber
Number versus the MRVP as shown in Figure 47. Although ihe correlation
showed promise for the rounded inlet unlike doublet it was found to be
unsatisfactory for some of the other elements. A more generally applicable
correlation is provided by the chamber pressure and fuel Reynolds Number.
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VI, D, RSS Model Development (cont.)

Task IV included testing of the small and large F-G-F
triplet elements and the XDT and splash plate self-atomizing impingement
type of injectors to test the influence of increased interfacial surface
area on RSS. Hot firing confirmed that self-atomizing injector elements
promote RSS due to increased interfacial surface area. Cold flow experi-
ments were also made shich showed that jet shedding with coherent streams
cri1d he correlated with Reynolds Number as well as with Weber Number.
Tr.s led vo dcevelopment of the final data correlations during Task V.

I* was found that RSS could be correlated for both coherent stream
injectors and self-atomizing injectors by plotting chamber pressure versus
fuel Reynolds Number as shown in Figures 4 and 5. The vaporization con-
trolled RSS model outlined in Figure 48 resulteu fromtheTask V effort.

Testing during vask VII was done to, (1) verify the
vaporization contirnlled RIS mocel using the sharp edged unlike doublet
flight type injostor erements and, (2) to characterize the Space Shuttle
OMS engine and RCS engine injector elements over their respective operating
ranges. The results show that RSS with flight type injectors correlate
with the vaporization model using either MMH or N2H4 fuel indicating the
validity of the RSS model.

The strong RSS dependence on chamber pressure and fuel

Reynolds Number can be related to a fuel vaporization rate controlled combustion
mechanism by making the following assumptions:

1. The combustion gas gzneration rate prior to and at the
impingement interface must exceed some minimum rate for RSS to occur.

2. Combustion gas generation occurs through gas phase reaction
only.
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VI, D, RSS Model Development (cont.)

3. Combustion gas generation rate is limited by the fuel
preimpingement vaporization rate since it is the more difficult propellant to
vaporize.

The vaporization rate is related to the fuel vapor pressure
a4 vaporization surface area through the mass transfer equation (Ref. 28):

W =A K P Equation (3)
where:

= evaporation rate

= fuel vaporization surface area
mass transfer coefficient

= fuel vapor pressure

<‘0 ? Vi> <Z )
"

The fuel vaporization surface area includes all fuel vaporizing surfaces
ahead of impingement. This includes the jet surface and droplet surfaces as
shown 1n Figure 48.

From the movie film and the Task I analysis it is apparent
that the surface of the fuel stream is rapidly heated to the saturation
temperature such that the vapor pressure is essentially equal to the chamber
pressure. Therefore,

W = A K P Equation (4)

O
u

Pc, at-the saturation temperature

0
u

chamber pressure

The mass transfer coefficient (KV) is related to the Nusselt Number for mass
t.-ansfer.

DS RT Kv '
Nu = ——-—§S~——~ Equation (5)
90
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Y1, D, RSS Model Jevelopment (cont.)

where:
DS = droplet diameter
R = gas constant
T = average film temperature
P = diffusicn coefficient

The evaporation constant can be related to the Reynoids Number through the
Ranz and Marshall Nusselt number correlation for evaporation (Ref. 29):

/9
N = 2.0+ 0.6 5¢'/3 Rep!/2 Equation (6)
where:
SC = Schmidt Number
REF = Fuel Raynolds Number

The evaporatior constant can be expressed in terms of the Reynolds Number
by combining Equations (5) and (6). The critical fuel vaporization rate

and, hence, chamber pressure at which RSS will occur then becomes a func-
tion primarily of the surface area for evaporization and the Reynolds

Number;

i, x A, f (REF/Z) o Equation (7)
Critical “Critical

-1
s

P (IA ’]/2

c REF
Critical

Equation (8)

[t is known that the pre-impingement surface area is velocity or Reynolds
Number dependent for coherent streams such as those produced by driiled or
EDM'ed orifices with L/D's greater than about 4/1. Whereas, the pre-
impingement surface area for self-atomizing injectors is only weakly
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VI, D, RSS Model Development (cont.)

dependent on the velocity or Reynolds number. Therefore, the critical
chamber pressure for coherent streams is expected to be more dependent
on Reynolds nurber than the self-atomizing injector elements:
-3/2

Rounded Inlet P a REF Equation (9)

Unlike Doublets CCritical

where:

AS + REF

Se.f-Atomizing P « RepT1/2 Equation (10)
Elements Critical

where:
AS # f (REF)

This model shows good agreement with the coherent stream
experimental data in that the measured exponent on REF is equal to -3/2. The
exponent on REF is found to be -0.24 rather than -0.5 for the self-
atomizing elements. However, the agreement with the experimental data is
sufficient to conclude that RSS is controlled primarily by fuel vapori-
zation rate controlled combustion.
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Appendix A
I. INTROCUCTION

The onjective of this document is to present injector element design
criteria that will aid an injecior designer in understanding, avoiding, and
coping with hypergulic propellants that result in Reactive Stream Separation
(RSS) or reduced mixing of the oxidizer and fue! streams.

The liquid rocket zngine combustion process is discussed at the outset
to estabiish a frame of reference for the RSS dasign criteria. A discussion
of non-reiactive stream imoingement phenomena is included to lay the ground
work for understanding tha intjuence of reactive stream phenomena on the
impingement mixing process. This discussion is followed by a description
of reactive stream phenomena illustrated with photographs. Data correlations
are provided for coherent stream and atomized spray impingement injector
element configurations which define regimes of reactive stream separation.
Finally, reactive impingement design criteria are presented which enable
the designer to predict regimes of RSS for his particular design and
operating conditions.

109 e 4

= The reactive impingement design criteria zpecified herein are applic-
able to the N204 oxidizer and Amine fuels propellant combinations. The
criteria are limited to elements with fuel orifice diameters of 0.030 inches
or less. Thefollowing design and operating ranges are applicable:

Chamber Pressure = 80 - 1000 psia
Fuel Velocity = 25 - 200 ft/sec
Oxidizer Velocity = 25 - 150 ft/sec
Fuel Temperature = 50 - 300°F
Oxidizer Temperature = 50 - 16U°F

These criteria deal only with the optimization of the intra-element mixing
processes. Other criteria required to achieve high perfermance, stability,
and compatibility are not included.
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Appendix A

IT. LIQUID ROCKET COMBUSTION PROCESS

Liquid propeliant rocket engine combustion represents a multi-
faceted problem. It includes the following phenomenological processes as
illustrated in Figure 1.

Liquid stream injection

Stream impingement and spray formation
Propellant atomization

Unlike propellant droplet mixing
Droplet vaporization

Vapor phase mixing

Chemical reaction

Combustion gas mixing

Nozzle expansion

Engine performance is limited by the combustion and gas dynamic losses
listed in Figure 1. The achievement of high performance requires that
these performance losses be held to a minimum. It is generally recognized
that the mixing loss associated with injector generated mixture ratio non-
uniformities is the largest loss the injector designer has to deal with.
The mass and mixture ratio uniformity which defines the mixing loss, is
determined by the injector design and the impingement mixing process as
illustrated in Figure 1. Therefore, the goal of any injector design is
to produce uniform, stable, reproducible propellant mass and mixture ratio
distributions. This goal is best achieved through an understanding of the
physico-chemical mechanisms controlling the mixing process.

The injector promotes mixing through intra-element (within the
element) and inter-element (element.-to-element) mixing. Understanding the
intra-element mixing process is key to injector design since pattern
layout requires that the element distributions be known so that inter-
element mixing can be optimized. Propellant distributiin uniformity is
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Appendix A

IT, Liquid Rocket Combustion Process (cont.)

achieved primarily through intra-element and inter-element liquid/droplet
momentum exchange processes since downstream gas phase mixing is too sliow
to achieve the required mixing. Since impingement point spray mixing
controls the spray mass and mixture ratio distributions, any injection or
combustion process that inhibits or modifies the intra-element spray
mixing process will impact performance, gas side h2at transfer response
and stability. Reactive Stream Separaticn (RSS) is a combustion related
phenomena that exhibits this influence. However, there are also non-
reactive related phenomena such as "hydraulic flip", momentum imbalance,
ana diameter mismatch that can impact the spray distributions which also
need to be considered. Thus, high performance injector design criteria
must include both reactive (hot fire) and non-reactive (cold flow) impinge-
ment phenomena effects upon the intra-element mixing process.

Intra-element mixing is generally achieved by momentum exchange
through impingement of coherent streams or atomized sprays. Coherent
streams are produced by drilled or electrical discharge machined (EDM)
orifices. Atomized propellant sprays are produced by like impingement
of coherent streams or by self-atomization using splash plates or
platelet injector elements. Platelet injectors are fabricated by bonding
together a stack of thin metal sheets which have etched flow passages.

The Space Shuttle/RCS (SS/RCS) Engine injector shown in Figure 2 is an example
of a coherent stream impingement injector element. Whzreas the Space
Shuttle/OMS (SS/0MS) Engine injector shown in Figure 3 is an example of the
atomized spray impingement type of injector. Non-reactive and reactive
impingement processes are discussed for both class of injectors.
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Appendix A

IIT.  NON-REACTIVE STREAM IMPINGEMENT PHENO!NENA

Non-reactive stream impingement phenomena which can effect spray
distribution with coherent stream impingement include, "hydraulic flip"“,
momentum imbalance, diameter mismatch and streum quality. The impinge-
ment pheno iena observed with sprays depands on the method used to produce
the sprays. For example, sprays produced by self-impingement of coherent
jets are susceptible to the same processes as the coherent streams.
Whereas. sprays produced by impingement with surfaces generally are not
subject to "hydraulic flip" since these streams generally are mace to
flow detached. These non-reactive phenomena are discussed in detail for
each class of injector below.

A.  COHERENT STREAM IMPINGEMENT

The preponderance of operational hypergolic propellant engines
use coherent stream impingement to produce intra-element mixing. Rupe and
his co-workers (Ref. 1, 2 and 3) were the first to recognize the
importance of intra-element mixing upon injector performance. They expended
considerable effort to develop empirical spray mass and mixture ratio
distribution rorrelations based on coid flow data for engine design appli-
cation. Rupe recognized early in these investigations that hydraulic
stability is essential to efficient mixing. Rupe's work is the most
definitive and widely used non-reactive injector design criteria.

The non-reactive coherent stream impingement mixing process is
illustrated in the photographs of Figure 4. These photographs are enlarge-
ments of single frames taken from 16 mm high speed movie film. The injec-
tor is a rounded inlet unlike doublet used on the N204/Amine Fuels Program
(NAS 9-14186). The propellant simulants are dyed water (the blue stream)
for fuel ard freon (the clear stream) for oxidizer. Rupe's mixing uni-
formity criteria is equal to 1.0 for optimum mixing. The spray uniformity
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NOTE
UNIFORM SPRAY

. - FREON
, ’ S V = §8 ft/sec
: D = 0.024 in,

™ DYED WATER
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D = 0.020 1n.

!

.ot e . AL
I 1 4=% MIXING UNIFORMITY CRITERIA = 1.0

FRAME RATE = 800 fps
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a. Rupe's Mixing Uniformity Criteria Defines Uniform Spray for Non-reactive Impingement

NOTE PENETRATION
OF FUEL STREAM

FREON
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V= 32 ft/sec
D = 0.020

N A o

FRAME RATE = 800 fps
EXPOSURE TIME = 25 usec

MIXING UNIFORMITY CRITERIA = 0.9

b. Low Stream Momentum Produces Penetration Phenomena for Non-reactive Impingement

Figure 4. Rupe's Mixing Uniformity Criteria Defines Uniform Spray
for Non-Reactive Impingement
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Appendix A
I11, A, Coherent Stream Impingement (cont.)

attained at the optimum stream momentum ratio condition, in the absence
of combustion, is clearly evident in the upper photograph. The propel-
lant "shoot-through" (i.e., penetration) phenomena reported by Rupe is
also observed with lower stream momentums as shown in the lower photo-
graph of Figure 4.

Non-reactive phenomena which can alter this spray uniformity
are:

Fuel/Oxidizer Diameter Mismatch
Fuel/Oxidizer Momantum Imbalance
Stream Instability

Stream Quality

Impingement Misalignient

o B W NN -

Each of these phenomena must be considered in designing coherent stream
injectors.

1. Fuel/Oxidizer Diameter Mismatch

Rupe placed most of his empnasis upon investigating the
unlike doublet element to chracterize element mixing efficiencies. He
found that equal fuel and oxidizer injection momentums and equal orifice
diameters are required to maximize unlike doublet mixing efficiencies.
However, the only commonly uzed propellant combination which satisfies
both criteria is N204/N2H4. In most cases, the oxidizer injection momentum
exceeds that of the fuel causing the oxidizer orifice diameter to be
larger than that of the fuel. A slight diameter mismatch results in under
penetration of the fuel jet into the higher momentum oxidizer stream
causing reduced mixing efficiencies. Large diameter mismatches result in
skewed spray distributions as illustrated in Figure 5.
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Appendix A
IIT, A, Coherent Stream Impingement (cont.)

Figure 5a displays the results of an experimentally measured
spray distribution obtained with unequal diameter circular unlike doublet
orifices using non-reactive propellant simulants. The large orifice
diameter mismatch produces a "banana" shaped spray distribution which
results in two poorly atomized, poorly mixed, oxidizer rich lobes
emanating from the misimpingement cross section caused by the diameter
mismatch. The diameter mismatch phenomena is further illustrated in Figure
5b. This stroboscopic still photo was takern of cold fluw tests of a
single element injector which simulates the Space Shuttle/RCS engine unlike
doublet. The propellant simulants are water for fuel and oxidizer.

The problem of diameter mismatch can be alleviated either
through the use of EDM'ed rectangular orifices (Ref. 4) or through the use
of multiple orifice impingement elements such as the triplet or pentad.
EDM'ed unlike doublets with rectangular cross sertion can be selected with
equail element widths to eliminate jet diameter mismatch effects normally
associated with circular orifice injectors. This non-circular orifice
capability permits a greater degree of freedom in designing impinging coherent
stream injectors. It is especially beneficial for those propellant combina-
tions which normally operate at oxidizer to fuel mixture ratios, momentum
ratios, and orifice area ratios betwezen 1.0 to 2.0. This includes the
important storable propellant combinations of N204/MMH and N204/A-50 used
on many current engines.

2. Fuel/0Oxidizer Momentum Imbalance

Rupe performed extensive studies to define the influence
of stream momentum on the spray distribution unifcrmity. Tne results are
shown in Figure 6 for several unlike doublet elements. The spray uni-
formity drops off as the momentum balance moves to either side of the
optinum value.
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Appendix A

IIT, A, Coherent Stream Impingement (cont.)

On the basis of these data, Rupe developed a spray mixing
uniformity criteria for unlike impinging doublet propellant streams. The
mixing uniformity criteria (Ref. 2) states that optimum spray mixing occurs
when the product of the ratios of the velocity heads and stream diameters
is equal to unity:

2 .
00y Vol Do /og V2 De = 1.0 Equation (1)

0X 0X
Similar mixing correlations were developed by Elverum and Morey (Ref. 3)
for other types of impinging injector elements using Rupe's cold flow

measurement techniques. These correlations are summarized in Table I for
unlike jet impingement elements.

Operation at an oxidizer rich off-momentum conditions is
j1lustrated in Figure 7 for the SS/RCS unlike doublet element. The resultant
spray momentum angle is drastically changed in addition to modifying the intra-
element mixing. Changes in spray momentum angle can seriously impact chamber
gas-side heat transfer response and combustion stabtility. The sensitivity of
spray momentum angle to momentum balance can be alleviated through the use of
multiple impingement elements such as the triplet or pentad.

The fuel rich off-momentum condition is also illustrated
in Figure 7 for the SS/RCS unlike doublet. The low oxidizer momentum and
diameter mismatch cause the oxidizer stream to "umbrella" around the fuel
stream resulting in poor mixing. These effects coupled with RSS can result
in undesirable performance, stability, and compatibility variability over
the engine operating range.
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TABLE I

NON-REACTIVE SFRAY MIXING CRITEPIS FOR HYDRAULICALLY
STABLE UNLIKE IMPINGING
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Appendix A
III, .\, Coherent Stream Impingement (cont.)

3. Stream Stability

Rupe stresses the importance of stream stability throughout
his work. Stream stability is controlled primarily by the orifice
geometry. The orifice configurations that are most commonly used in rocket
injectors are illustrated in Figure 8. The features of each are as follows:
(a) represents the conventional sharp edged orifice, (b) is a rounded or
contour approach orifice, {c) is a higher L/D, square-edged orifice, which
produced a cylindrical jet as in (a) and (b), while (d) is that same
orifice where the jet has reattached to the orifice wall, and (e) is the
same as (d) but with a longer L/D.

For the sharp-edged orifice flow conditions of (a) and
(c) the discharge coefficient Cd lies between 0.6 and 0.7. In (d), the
flow reattaches to the wall allowing the orifice to flow "full". The
result is agitated and divergent flow at the exit (bush or broomy flow),
and the discharge coefficient rises to between 0.8 and 0.85. The bushy
flow disappears as the orifice length is increased as in (e). A still
higher C, (¥ 0.97) is achieved with (b) when the contour is not too abrupt
and L/D is small (0.25 to 0.5). For the best designs Cd = 0.99, while
with poor curvature and high manifold cross velocities the discharge coeffi-
cient may be as low as 0.90.

Early rocket injector designs were dominated by the con-
figuration exemplified by (c) and (d) and hence are characterized by the
flow properties just described. The transition between flow condition (c)
and (d) is known as "hydraulic flip" and is sensitive to chamber pres-
sure, orifice length/diameter ratio, orifice entrance configuration, and the
fluid properties. The "hydraulic flip" is accompanied by a change in pres-
sure drop as illustrated in Figure 9 anu a change in stream quality from
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Appendix A
1il, A, Coherent Stream Impingement (cont.)

coherent to bushy streams which impacts the spray mixing. Reterence 5
describes the phenomenon of hydraulic flip in detail which occurs due to
abrupt transitions between attached and detached flow in sharp edge orifices
caused by either fluid cavitation or insufficient L/D. Stable, predictable
orifice discharge coefficients free of hydraulic flip are necessary not only
to cbtain predictable orifice pressure drop and desired injection momentum
ratios, but also to obtain maximum cold flow mixing efficiency.

Contoured inlet orifices provide the most stable and
optimum injection mass distribution, however, the orifice inlets are fre-
quentiy inaccessibie for contouring and the designer has little or no
choice other than to use sharp edge inlet orifices. Although orifice L/D
ratios > 2:1 usually flow attached for most applications, jet directional
flow control is often poor. Combinations of high manifold cross velocity,
low orifice static pressure drop and nonperpendicular orifice orientation
to the manifold backside surface cause angular deviations between the
injected stream and orifice axis unless the sharp edge orifice L/D > 4:1.
Unless unlike jet impingement occurs right at the surface of the injector
face, directional flow control is an important consideration for assuring
desired impingement characteristics. Directional flow control becomes
increasingly critical for coheraent jets as the distance from the orifice
exit to the unlike impingement point increases.

With the advent of EDM, most modern injector designs are

exemplified by configuration (e) which generally provide stable well
defined streams.
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Appendix A

III, A, Coherent Stream Impingement (cont.)

4. Stream Quaiity

A stream's quality is defined by its veiocity profile and
degree of pre-atomization. A high quality stream is one having a nearly
uniform velocity profile and a coherent non-bushy appearance. Rupe's
work (Refs. 1 and 2) shows that the intra-element mixing efficiency and
reproducibility are highly dependent on stream quality. The stream velocity
profile is determined primarily by the orifice configuration (Ref. 4) whereas
bushiness or preatomization is influenced by both the orifice configuration
and the fluid velocity.

The contoured inlet orifices and long L/D (~ 100) orifices
such as those used by Rupe produce nearly flat velocity profiles and are
required for maximum intra-element mixing efficiency. The velocity profile
reflects the fraction of the fluid contained within the velocity
boundary layer relative to the potential flow core. For contoured ori-
fice inlets and/or long L/D orifices such as those used by Rupe, the mass
in the boundary layer is very small and jet shedding is minimized. Likewise
short L/D sharp edge orifices which flcw detached from the vena contracta
to the exit likewise have low mass in the velocity boundary layer and
exhibit minimal shedding. A more detailed description of inlet contraction
coefficient effects, Reynolds number and L/D effects upon exit velocity
profile, static pressure recovery efficiency and element discharge
coefficient is given in Reference 5.

The mechamism of droplet shedding from the jet surface
prior to impingement is shown schematically in Figure 10. This pre-
impingement shedding is caused by shear forces induced within the jet
boundary layer. The onset of pre-impingement aerodynamic atomization is
modeled through the Weber Number which is a function of the injection
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Apoendix A
IIl, A, Coherent Stream Impingement (cont.)

velocity, chamber pressure, and fuel surface tension. The Weber Number
is the ratio of aerodynamic shear forces to surface tension forces as
defined in Equation (2):

NEF = [0, Ve* D)o Equation (2)

g
Thus the Weber Number (WEF) is a function of the propellant, through the sur-
face tension (of), the chamber pressure through the cas density term (pg),
and the injection process through the stream diameter (Df) and the injection
velocity (Vf).

A critical YWeber Number exists above which the aerodynamic
forces exceed the surface tension force resulting in stream shedding and
atomization.. Therefore, the interfacial surface area of streams operating
above the critical Weber Number are greater than that of streams operating
below the critical Weber Number. The increase in pre-impingement atomiza-
tion promotes Reactive Stream Separation because RSS is vaporization con-
trolled and vaporization rate increases as the stream surface area to volume
ratio increases. This surface area increase will also affect the momentum
exchange process.

5. Impingement Misalignment

Impingement misalignment can cause gross changes in the
intra-element mixing as reported by Rupe and co-workers. In addition to the
changes in intra-element mixing, inter-element mixing is impacted due to
rotation of the spray about the spray axis. An example of the impact of
impingement misalignment on the resultant spray is illustrated in Figure 11.
This is a stroboscopic photo of the resultant spray from a simulated .3/RCS
unlike doublet which was intentionally misaligned by offsetting the orifices
by 0.003 inches. The resultant fan rotation and spray nonuniformity are
evident, indicating that impingement misalignment should be avoided.
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Figure 11. Impingement Misalignment Causes Fan Rotation
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IIT, A, Coherent Stream Impingement {cont.)

6. Ligament Shedding

Periodic ligament formation and shedding is another cold
flow phenomena which also shows up in hot fire testing. The process of
ligament formation and shedding is as follows. The ligaments begin to form
downstream of the propellant impingement point where the liquid stream
begins to spread into a thin sheet. As these ligaments become increasingly
large, surface tension forces are overcome causing the ligament to break off
and form droplets. Aerodynamic and intertial forces contribute to this
atomization process and further the breakdown of the ligaments into fine
droplets.

The periodic 1igament shedding is clearly visible in still
photographs and in the hot fire movies. They appear as semi-circular waves
emitting from the impingement point when viewed as shown in Figure 12. The
same ligament shedding frequencies are observed in hot fire testing as in
cold flow indicating that they are a consequence of the non-reactive atomi-
zation process. The atomization frequency is generally proportional to the
injection velocity. The atomization rate is an important factor in deter-
mining the first longitudinal stability.

B.  ATOMIZEL SPRAY IMPINGEMENT

Spray impingement to produce intra-element mixing is accomplished
by impingement of unlike atomized spray fans produced by like impingement
of coherent streams, by solid wall impingement (splash plate elements) or by
internally impinged streams with platelet injectors. Prior to the develop-
ment of the platelet concept the most commonly used atomized spray impinge-
ment element was the 1ike-on-lika element whose fuel and oxidizer spray
fans are radially aligned and canted toward each other.
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Appendix A

IITI, B, Atomized Spray Impingement (cont.)

A multitude of atomized spray impingement platelet elements
have been designed and tested at ALRC in recent years. These elements offer
certain advantages in terms of improved producibility. Functionally, their
spray characteristics are similar to any other impinging spray injector.
They produce consistent spray characteristics, predictable atomization
efficiency, and consistent mixing characteristics.

The non-reactive impingerient mixing characteristics of the
atomized spray impingement elements are much the same as the coherent
stream elements. Stable orifice flow must be provided to obtain optimum
mixing and the Rupe mixing criteria appears to be applicable.

Spray impingement elements offer two major advantages over the
coherent stream impingement type of elements: (1) alignment between the
oxidizer and fuel orifices is not as critical as with coherent streams since
wide spray fans are impinged compared to narrow streams; and (2) the
spray resultant momentum angle is not as sensitive to momentum imbalance
as with coherent stream impingement.

The principle disadvantages to the spray impingement element
is that the pre-atomization enhances RSS. Another disadvantage is they are
inherently more difficult to fabricate because of increased number of
orifices and compound injection angles. However, this factor can be bene-
ficial for engines that must operate over wide Pc/MR ranges since it
permits operation within the separated RSS regime over the engine entire

operating ranga. Element overlap is used to avoid performance losses due
to RSS.

26

e w e mma =



L.

PRI
)

d-—-‘.-

Appendix A

IV. REACTIVE STREAM IMPINGEMENT PHENOMENA

Reactive stream impingement can result in Reactive Stream Separation
(RSS) which inhibits intra-element momentum mixing. RSS is a consequence
of vigorous reaction within the impingement interface which produces
combustion gases in sufficient quantities to inhibit liquid stream
momentum exchange. The effect of RSS on spray mixing is illustrated in
the photographs of Figure 13. Four meodes of reactive stream impingement
are identified. The first photo in the sequence illustrates the "mix/
penetrate" mode which is also observed with non-reactive imgingement. The
"mix/penetrate" mode is characterized by a uniform spray field with some
propellant penetration as evidenced by an oxidizer rich zone opposite the
oxidizer stream in the downstream spray. "Penetration" occurs at low
injection velocity, (less than 50 ft/sec) low fuel temperatures, (below
70°F) and low chamber pressure (less than 100 psia) and is evidenced by
“shot-through" of the fuel and oxidizer. Penetration has been reported in
earlier cold flow work and was also observed on this program using propellant
simulants as well as reactive streams. Penetration is a consequence of the
non-reactive momentum exchange mixing process.

The second photo shows the condition of uniform mixing without evidence
of RSS. "Mixing" is observed at moderate injection velocities, (50-100 ft/sec)
moderate fuel temperatures, (70-90°F) and moderate chamber pressures (100-200 psia).
It is evidenced by a highly uniform spray field which looks similar to a non-
reactive spray field. The third photo illustrates the "Mix/Separate" mode
which occurs at the onset of RSS. It is evidenced by a slightly non-uniform
spray field. The fourth photo shows a condition of highly separated streams
(RSS). “Separation" is observed at higher injection velocities (greater than
100 ft/sec), higher fuel temperature, and higher chamber pressures (greater
than 200 psia). It is evidenced by highly non-uniform spray fields in which
distinct regions of unmixed fuel and oxidizer exist.
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Abpendix A
IV, Reactive Stre.n Impingement Phenomena (cont.)

The phenomena of RSS is associated with a vaporization controlled
reaction that is controlled by the chamber pressure, fuel injection velocity,
interfacial surface area, and fuel temperature. The degree of RSS increases
as these parameters are increased. RSS has been characterized for a wide
range of amine furls and a wide range of injectors as listed in Table II.

The RSS characteristics of all of the coherent stream elements (i.e.,
roundr+ inlet unlike doubiet, triplet, sharp-edged unlike doublet, and Space
Shuttle/RCS unlike doublet) were found to be s*-ilar and are correiated with
the same correlation equation. The similarity in behavior for the triplet
and sharp-edged unlike doublet is shown in Figures 14 and 15. The behavior
of the Space Shuttla/RCS unlike doublet is illustrated in Figure 16 which
shows the element behavior over its whole Pc-MR operating range. The
impingement mode and operating condition is indicated next to each photo.

The off-mixture ratio momentum effects on sprav mixing are seen to
be as strong as the RSS effects with the SS/RCS unlike doublet. It is
clearly undesirable to operate at extreme off-MR conditions with unlike
doublet elements due to the strong effect on spray distributions. The
triplet or pentad coherent elements or atomized spray elements which are
less sensitive to momentum effects would be better chnices for injectors
that must cover wide mixture ratio ranges.

The RSS characteristics of the XDT, the splashplate, and the Space
Shuttle/OMS TLOL self-atomiziny elements were found to differ from the
coherent stream elements in that RSS occurs at lower chamber piessures than
for the coherent stream elements. The RSS characteristics of the XDT

and the splashplate elements are illustrated in Figures 17 and 18. Increasing

chamber pressure and fuel Reynolds Number (REF) promotes RSS. The chamber
pressure is a much stronger effect than the fuel velocity (REF) as evidenced

29
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Appendix A

IV, Reactive Stream Impingement Phenomena (cont.)

by the small slope of the correlation line. RSS sets in at such Tow chamber

pressure levels (~100 psia) that these elements generally always operate in
the separated mode.

The Space Shuttle/OMS TLOL platelet element is an example of an
element that operates in a separated mode over its entire operating range
as illustrated in Figure 19. The operating conditions are indicated next
to cach photo. It is evident that this element is insensitive to engine.
operating mode. Although, it is always separated, the desired engine peaifor-
mance is attained by providing element overlap to take advantage of inter-
element mixing. Excellent performance, compatibility and stability are
provided by this element since the injector spray mass and mixture ratio
distribution remain nearly constant over its whole operating range.
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Appendix A

V. REACTIVE STREAM IMPINGEMENT DATA CORRELATIONS

RSS has been found to correlate best with the chamber pressure and
the fuel orifice Reynolds Number. Figure 20 shows the correlation for coherent
stream injectors while Figure 21 shows the atomized spray impingement injector
correlations. The coherent stream 1njectors are correlated with the equation;

Pc = 4.4 x 10% (reF)" 10 Equation (3)

1l

where:

REF

Fuel Orifice Reynolds Number,

Mixing occurs at chamber pressures less than that specified by Equation (3)
and separation occurs at greater chamber pressures. Regimes of RSS with
the atomized spray impingement platelet types of injectors are correlated by:

-0.24

Pc = 1272 (REF)

(XDT and splash plate) Equation (4)

TLOL). Equation (5)

-0.24 (

Pc 839 (REF)

Again mixing occurs at chamber pressures below this value and separation
occurs at pressures greater than this.
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Appendix A

VI. REACTIVE STREAM DESIGN CRITERIA

The intent of the design criteria set forth herein is to aid the
injector designer in coping with the adverse effects of RSS on engine
performance, stability, and compatibility. Since these effects manifest
themselves through modifications to the intra- and inter-element mixing,
only those factors influencing the mixing processes are dealt with. It

is presumed that other factors influencing performance, stability and com-

patibility have been considered. These other factors include but are

not limited to; identification of element size and quantity to provide the

required vaporization efficiency; pattern orientation requirements for inter-
element mixing and compatibility; chug stability pressure drop requirements.

A prerequisite for designing high performance elements is to provicda2

for hydraulically stable streams or sprays. Therefore, non-reactive im-
pingement criteria are included.

A.  NON-REACTIVE IMPINGEMENT ELEMENT DESIGN CRITERIA

Criteria 1 Orifice discharge coetficients should be predictable
and should not undergo hydraulic flip.

solution
° Design sharp edged orifices with L/D < 1 to ensure

detached flow.

° Design sharp edged orifices with L/D > 4 to
ensure attached flow.

° Contour orifice inlet

Criteria 2 Stream directional control should be predictable.

4
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Appendix A
VI, A, Non-Reactive Impingement Element Design Criteria (cont.)

Solution

° Design orifice L/D > 4 with contoured inlet.

° Design manifold cross velocity for less than 1/4
orifice valocity.

Criteria 3 Stream impingement should be accurately aligned.

Solution

o

Electrical Discharge Machine (EDM) orifices.

Criteria 4 Unlike orifice diameter or spray mismacch should be
minimized.

Solution

°® Select element types that minimize unlike orifice
diameters (see Table I).

° Select non-circular orifices.
° Design for equal spray fan widtn.
Criteria 5 Momentum ratios should be selected for optimum mixing.
Solution

°® Use mixing criteria listed in Table I for the
particular element of interest.
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VI, Reactive Stream Design Criteria (cont.)

B.  REACTIVE IMPINGEMENT ELEMENT DESIGN CRITERIA

Criteria 1

Criteria 2

Criteria 3

Crite~ia 4

]

RSS should be avoided to maximize performance.

So]utigg

Select element size and velocity that will permit t
operation within the mix regimes defined by §
Equatiors (3, and (4) and (5). i

Transitions from mixed to separated cond:tions within

the engine operating envelope should be avoided.

Solution
Select elements that will remain withi- either the
mixed or separated regimes defined by Equatiins (3) o
and (4) and (5). 32

Changes in resultant axial momentum angle within the
engine operacing envelope should be avoided.

Solution i
Select elements that are insensitive to momentum
imbalance (triplets, pentads, like-on-likej.

Inter-element mixing should be maximized.
Solution
Orient elementc within the pattern to provide spray

overiap taking into account the effect of RSS on
intra-element mixing.
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DELTI
Imp. Angle
L/D

MF /MO

MR
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Pc

PPF, PPO
REACT
REF,REQ

RELF,RELO

RESTD
TF
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Appendix B

TABLE B-II

SUMMARY OF INJECTOR ELEMENT TEST RESULTS

List of Symbols

Description of Headings for Tahle B-II

Fuel and oxidizer orifice diameter, in.
Impingement point temperature rise, °F
Propellant Stream Impingement angle, °
Orifice length to diameter ratio

Fuel to oxidizer romentum ratio

Oxidizer to fuel mixture ratio

Vapor phase mixture ratio

Chamber pressure, psia

Fuel and oxidizer partial pressures, psia
Reactivity, Ref x XP

Fuel and oxidizer orifice Reynolds Number
based on dia

Fuel and oxidizer orifice Reynolds No.,
based on length

Propellant stream contact time, sec.
Fuel temperature, °F
Oxidizer temperature, °F

Average of fuel and oxidizer injection velocity,
ft/sec

Fuel and oxidizer injection velocity, ft/sec

Fuel and oxidizer Weber No.

Fuel and oxidizer mole fraction

Product of fuel and oxidizer mole fraction ** 1/2

B-2




e

Appendix B

[

Bhate o2 FE IR R

Boe? e

foe09L’
fosvee*
hys2nn’
LITY YRS
nyetye!
npsnpn’
Suegol”
foso0nn’
hoentt®
noetgy”
Svenue®
f0%,09"
fo+tan’
foesg’
totwat’
fosige’
2udene’
foeane’
futvig!
fursie’
toeegl’
fusiag®
toeuan’
foszae’
foenin®
foenga’
f0+908°
nyspal’
fo0tese’
nosw21?
fusdgl’
[T
iveonn®
Eutynn’
fos+1g)*
Loepg2’
fosesn®
fo+nnn’
fosnghn*
tosznn®

(d19)
liviyy

4 30uN
430NN
d1S
d1S
ER M
S/n
S/H
430N0
Xin
XIn
§/H
dis
43S
S$/n
d3§
d38
418
d3$
d3s
XIw
d1S
CELH
d1i%
dis
d1§
d3is
Aiw
X1wW
xIw
xiw
418
438
dis
4138
d3s
d3i§
d3s§
dis
43S
d3%

3Q0W

908°1 j1e°1 29 *n9 o'Ent n'ge ‘1w 09 *ne
S19'L sh’l a5 19 n'86  R'SE S0} Cuv | ‘w2
WEn'l 0ol ‘gl ‘ol s'8rl ('fe '¢ne oy ‘p7
W12t ne't "e6l 9L v inl ("6 ‘wul ‘o9 *ne
422 L'l Teel TLL s'eSt n'26  "OST vy n¢

L52°1 L1 *sel ‘8L 2'6F1 a'Se ‘611 ‘uvy  "n?

912t ALt el ‘It T'9¢1 R°?s ‘Lo 'y *n2
#E2°) 991 ‘g9 SV 9'sll @'s2l  Ciin ‘'us  ‘pe
£5E°1 8t gy Yow  m'efl n'te  'myt ‘v *he
99¢'F L¢°1 "g@  ‘S¥  0°6§1  w'wW  *Gs o9 *n2
PHEL 96°1 249 °S¥  5'621 o *2sl ‘uy *ne
195°1 09°'t  'ru 'Sy 5*6f1 9'ta MY *u9 *n2
Ir) we 1 ‘g@ ‘v 2'vel  y'nu *9q? ‘uy *n2
248%1 851 1w ‘mé g'0n  4°ss  ‘fw2  ‘ev  ‘m?
st 65°T 2y ‘TR 1°2%) 9w *up2 09 "n?
S1E'1 09't ‘1@ tv £'0F1 o'y TL ‘uy ‘na
te2%t 19°1 PR 29 9'E0YV 9°h9  ‘Gue vy *n2
902'Y 99%1  "g4 ‘il e'mOY btL  "wgE ‘uw  “ne
voe"l o'l “‘ou ‘te w'onl w2l ML ‘oy ‘u2
(h2t1 2a%t ‘a9 Y19 2'u2) wtwe ‘eel ‘ve  *wp
22’y g9y 1w tev #'e?1 @°¢ev 'Feot ‘o ‘n?
61e') ne*t  ‘ay ‘av FANTA SRR Y] ‘nis oy ‘uz
yie*t 09l ‘tw ‘1w Q'¢?t  ¢'ow ‘o1g *yv ‘ny
12’y ne'l ‘o ‘o L'SR 9*19 *log oy ‘a2
181V £99Y st 0V w°PI) m'sW *6N2 vy *n2
S0 S9°1 ‘gL IR £°S21 ¢'te  ‘se2  ‘uy ‘ne
o6l Yo' oy *2% 'Lty e ‘291 ‘ov *n2
212'1 o't sy ‘wv o'v2l g'ls  ‘ln} oy ‘n2

HOL'l 64" ‘aog ‘ot 6t 1% ‘L ‘u "ng

2388 09’1 ‘gq "wg g'SFl (26  ‘wol  ‘ey ‘w2
vPgtl 09®Il gy iy 9'e?! 'tw ‘wgl oy .14
vee’t ne‘t "me ‘v 59TV g'mb ‘lol ‘09 2
652°1 $9°1 *py ‘¥ §'p2l w'oy 42 0y “n?
RLI'L 0LV ‘gw  Yow  1'mPl @'ew 'BOT ‘vy  ‘n2
INECY 161 gy AV 6wfl %28 ‘Ou0d  ‘uv  “n2
SLI'E 041 Re ey L'%2YV s'0s ‘loes  'vy ‘n2
10g*t 29t “gw ‘wy 1621 €'ud ‘Tt *uq T
W'Y 29°F "iw ‘e 8621 p'a¥ 60§ ‘vy  "n2
18t 15°1 yw UL AT L S AT | ‘Rof *ov *n2
812°1 99°1 "9 "9%  1'8?1 g'06  ‘gof ‘0?7 °*n2

t4)  (e/714) (8/714) (vigd) (934)

OW/ W HW 41 (473 dA 0A 4 319y U0
dal
BIAmMYT HOLlvO1ig3Ant
NOTLYIIdWO0Y YAVO LANIWONIdKD HYINIE I1INVyIoAM

("7u0d) 11-9 319VL

t

veu*
vau®
véy
vev
veo®
vae’
gZv’
vev’®
vav”®
vde”®
o2v’
v2o
vee'
vev’
TN
vav’
v2o
v2o*
vou"’
v2o”
020’
TN
v’
T4
029
v2u
02e”°
c2u”
ver®
vey”
ydy”®
u2e®
v2o*
e2o’
0d0"*
vau®
veo’
veo*
veo*
o2u*

IND)
44

-

LIL RS R ITTTEN S B O I
nee’ [ 31nns ) e
IR

nn:u L3nug=dag 1un
pEB° L Flviig= gf Tun
:uzm 3 VisintuT 3v]
REUT LIV gu] I
anou 1734003 §¥ [ a
L4} $ 3Teaig= e Tun

®CQ0°® LIV uNIm 4] Ve
n20° L3Twnlig=3>f tun
L3Nty 4 at N
; A9 utee 35
:nax LU Ing Inn
LI 4] IS R LHLF LS T
T 1My de] len
9¢0° § J1%IId" Iv ] Tun
FEn® 1314000 3]
13 mnvu= 3l Lo
ned? 1 3ena® Ing Tt

LT44 L3N0 3w T
LT Z IR O W CTYTEN AR TR O TP )
pee’ LY b a1

Hev° LI IWINJ= A en
13 WMy §9f 1.0
L 1371900 Ing T
B 1 1Yy Su) I
net? L 1I9mIge 341 e
rea® fY)iHaliPe gaf L0
neh? 33 Maie= v ba
pee’ §3iknuyeixg un
NEHY 131000 Ju] Ml
aucu 1300y guf e
ret’ 211900u% %) ey
(TL NS RUNTINLER TR LY}
P67 3 IUNLYRLI ] Inn
LI A& REINISL L) L]
ren? 318000 3In] Nn
neo’ 1318004 In I

ne0° 1378n0u=dn] Inn

(ND) dil
ua ¥0423N]

uni
el
(3 %
Hnt
1%
L1
ntl
[ 4 94
eyl
123
ol
[ X4}
vel
Len
och
Y4}
et
$¢1
22t
X4}
R4
o'
wil
e R
ofl
Sii
niy
v 41
ol
[RY
(13}
(1A}
qvl
Loy
ol
sot
nol
sut
évl
101

U
183

S
Lad T3
M
LY
LY |
LT
Hen
HuW
hrw
Nhi
Mnd
Hen
Hrie
LYY
Huhw
Lol 1
"o
usSey
vSev
0Se~v
0S~v
vy
Us=y
0S~v
LSy
VS ey
uSe7
CSev
05y
Mty
L]
Hrw
L1
Hew
L2 1]
[ 2]
W
hal T
Huu
MKMW

3dal
3 Ying

FAR-LT-D0 S3NYDg L1

KUALTY

"

OF Pogy

‘e

Vg

B-3



ot e R o amrey ———

N~

£0e9s°
foe2?*
noenn®
noeLs’
noeso’
ITYY N
g0e01l"*
£o0s0n’
noett’
poegt®
LIX T
f0sL9°
fo0e9n"
f0eg2°
toeon’
fo+g2°
20¢04"’
€042’
goetg’
f0¢2a°
foegt’
f0e92°
f04¢¢n
cos L2’
fo0etn’
£0e20°
go4g’
nos (1’
foe9y”
noegt’
foesy’
0490’
coesn’
[o+on"
foegt?
oee2’
tosnn’
foenn®
toesn’
toenn®

Appendix B

ois3y

. i . . ar

go=1g’
f0<¢s”
q0es!l®
q0~qi’
R0°s!"*
Q0es1”
fo=9t1"*
g0-t1L’
f0+¢8"’
q0*0q°
gow2y’
80=00°
019’
Qe0-99°
80-9¢°
RC=¢L?
90-4L°
g0-5g’
RO*S9"
20°09°
Q0. 'Q*
na.oow
20°65 "
8019’
R0*19"
R0°29°
Ro°19”
8069’
80LS°
go=tL’
Qo0=4L’
R0=9¢°
povelL®
na.~n“
9019
Qo-L9’
oo.mou
058
§0=99"*
so°59’

X

‘nqnnite’
‘q06¢nlo’
‘yeastjot
*Lan0201 "
‘yselizy’
‘v2yg2eel’
‘oending’
‘y262100"
*¢2plnn’
's9291t0’
*3geuto’
*e¢9t2i10°
‘y229in0°
‘9121in0*
‘uLenego’
‘qnateon’
‘4619200
‘seay 1o
‘9{‘6 19’
BTN
*apgeeon’
*udesany’
fleulery’
YUY
ELIEIRTN
‘eonggelo’
‘e26n120°
*ws9nigu’
*tagogzo’
‘¥Slotio’
‘us9alio’
‘oyiteio’
*oiqatoo’
‘olgt2o0"
*hooleoo’
*49n2200°
'sint2oo’
‘get1tzo0’
"4011200°
'o%60200"

Ox [

R

OICT I gt
® @ 6 0 a s 0 as
OVIFNAUN AR oo

(%4
e'el
L |
1%t
e
1°vi
L'
§$*02
Vte?

‘9t

912
912
a“_~
L
$t02
$ 02
002
L
5’6t
w“e.
v'oz
o*u2
$'et
101
(MY
m“o_
vlez
2%g2
mu*_
112
m”c~
e

2
_“-
Li52
L2
g2
e'g2
It
2°t2

(Ylgd)(vlsd)

Odd

® @ ¢ o e v 00 veee
e o . - O A N U NN O T O N N wn e e o e o o v e

PARMPRAIIMANNN G T NN =T TIOAPMAN =N =N NN

4dd

L0+51° 90e25° 0 SOtRoq’ Syl L'h

9045s°  Yuele’ 0 GUe022° musuy' 6t

L0es5® doemg’ ] Ku+619° Gurlue’ g'ug
L04Q1" dueny’ ‘9 SUsESe" Suavyus® 0°w2
10961° Loent! X S0+129° SEeNg® §711
Lo+5i" Loent’ X} SOeST" Suelis® ¢°n1)
loegi® toegl’ ‘0 SUen29® GueEss” 11
L0¢12° 90¢6g° "0 GUeLIg® SuevLE® nops
L0%Q1" 90409° "0 Sotpna’ SUe152° gl
In4G1"  90ebs° *0 §04£29" Suenn2® SN}
LOST"  Ynelg’ *0 Q04404 GusIe’ ¥ gl
L04¢91" 90409° X QUeLnq® Suepne® $°2¢
Losni' 90e9g° ‘0 564666" SUsdre® H°6e
90406° 9946’ ] SOtYLE® SueLni® w1
Lpegl®  vYoeys'® ’0 GUeRTY® QOeIne® §°2y
L0+G1"  90e9g° *0 Sutalo’ SUesLR® 0%ng
L0421° 90e¢nn’ ‘0 QUIZEP® SUISEI® D ry
Lo+21° 900yt 'o GUA05° G0sbST" 9°¢2
Lo+¢21° 90e9g’ *0 SU(0G® GUeiSl® 9°p¢
L0e61°  9a+sn’ "0 Guezio’ Guebtsl” nyl
L0*Si® 9049n’ ‘0 LUH0e® Gquetnl® 0°; 01
Loent®  Yoean’ ‘0 SUeReS® Gusvel® w'1%
Losnl® QueLn’ X] QGtL64° SUeNBL® 0°2f
Lo*01° 90+1g’ ' Sutqln® quenei’® n'gl
Loent® wo4zn’ ] SOeVLG® SUenil” 9°q2
1n4g1°  90eyp’ ‘o Suts2e’ SoeEnl® 1°ge
L0+n1° 90+sn’ "0 GU4165° SuE9yl® T'ol
L0¢al” 9015 ] QUeESE® Suriig® 123
e0¢29° 904L2° 'Q Gueent® Sutell® 1°¢

L0%91° 90s0%° %0 GOt Ihg® Soseng® B
L0451° 90el8’  *0 Sussi9g’ SueyL2® 07 (1
L0+91"° 90+1q" X G04599° SUIEHP° L°ne
10451° 90e55° ' GO+ L69°® SUslIre” §7y¢
Lo+gi’ 90¢0g5"  ¢p SO9E9°Y SU:102° b°nt
{0*91° 90409’ ' G04999° S0eY92° 12}
L0+91° 90egs’® ' G04550° SULINZ® 0%
toegl’  90eps’ '0 SULER’ S0esN2° a°ng
L0451°  90¢sS5° *0 QO+En9° Sussnz® 2°Gt
Losgl® 90e¢ca’ s 04219° §04¢42° 0°ng
10491°  90¢b4" (] 504159 S04LN2° 0°ef

(3 930
013y 4138 13130 03y 438 03n

HIAKY HOLivoiis3AN]

NOILYTITdn0d Yiv@ INIWONIgW] mY3INLS  3110%83dAM

(*2u0d) 11-9 3718V1

H .

‘18 4310 00} Han

*101
“gne als
‘uvt PR
Tusi PR
‘ol S/ w
‘L6 $7a

1 AL Mit
wi i Hoan
I3 g LT
L2 %) el
Syl Han

29 Heakt

“1in  g3uten S3E Huw

‘nt} Abu

1) Xin
*est $/n
‘161 PR
1Y4 RLY
X4 S/u
‘woe als
Y a 1§
*sS0 PEDY
*nfs PELY
‘it als
‘vey 2le

*sovt PELY
‘vig a’t
‘uly als

‘1og PRE]
"8%2 aiy
‘st¢ aids
*eot xln
10 xhw
-1 ala
‘vui 1ln
*¥St 43S
‘161 PRI
‘192 ais

L a1$
‘ool 41§

“tds  ais
“iig d3s
*o0€ T
LAY PEN
‘w0t a3s
(visd)

Jd 300w

25l LT
129 Huan
na g [T
aci [T

wdl L TN
<l ot
oc¢i [T
114} Had
LT &} M
f¢l  0Sey
2¢l gy
tel yce-v
Y4 BTN
681  0S-v
el eGey
L'l uSey
QT 0Sex
sit ysey
nllt  0Gey
Il Q5e-y
241 QGey
it [T
oiq Hun
evi Haw
vul i
Lt L
vl W
so¢ Mt
rol Myt
(4’21 My
2vli [T
tel L]
"UN  3dal
1831 30y
e

L I

T ——— T

.

LY .

8-4

i
i
!




.o

Appendix B

YAt

e

fodgpt’
fodong’
fosget®
fo¢ngi’
fotgn2’
fotysl’
Todert’
Zoeun9’
204865"
fo+any’
fo*et’
fueoal®
totnne’
fue2ne’
fotsan’
fodywas®
fotygn2’®
fodsts’
[ XITS
f0¢y02"
Soetol"
foeagh®
fuenwel’
forrge’
fovure’
fubygt’
fuesgl’
futogy!
LA
foengl’
foe9ne"
foront®
fo+nnt’
foeqn2*
f0igag’
foe2gnt
fotypl!
fosgi2’
foryys’
foente’

(331%)
13vau

XiW
xIn
L 94]
xin
Xiw
§/n
XIn
d/w
d/n’
xlw
xlu
430NN
Xin
xIn
Xiw
Xlw
Xln
Xlw
d/v
d/v
d/HK
d/
d/v
XIw
Xlw
d/v
d/
d/%
418
d3is
d3s
xIn
Xiw
d3s
d18
43§
430NN
430n0
Xim
430NN

kK [eo])

g6l®t oLl ‘1t
nng®t 2991 gy
n52°1 $9°1  ‘an
6le't (91 ‘gn
202't1 ga'1 'pg
€921 19°1t ‘o
L9¢*1 2%t “‘pn
L12°1 99°t *yn
£66° 191 ‘nn
§92°¢ €9't  *pn
192't 2e‘t *np
£22°1 99°1  °*po
L92't 19°1 ‘¢4
292°) §9°f  "gs
282'1 19°y ‘s
gl 19t g
vl 9%t °(¢
(Le't £9°1  ‘gs
L2u'l 29°1  ‘ay
eZr'l ng’f ‘g
¥s2'1 $9°)  ‘gs
112*1 ya't  “gs
vie® me't ‘@S
#1s't 1991 *ng
2In'tY 251 "ns
LTARE BT Al SR 14
522°%1 90°1  ’gg
viv®l 1g°1  ‘oy
162°) 29°Y  °ni
£92°71 w81 49
V6l 29°1 69
LISE LS SRS
29V on°t ‘@9
Zostt 10°t  °u9
Q88 LSt 19
£R2°1 201 19
ST IR TR T30 BT )
069't 20°L  "19
LSE'T 65" "9
n2E’t 09°1 ‘ns

(4
OH/4X W 41

NUILYI1dW0)

‘99 969 n'ah ‘202 ‘09 ‘ne

‘n9 p'sL  2'2s  *le oy *ng
in gtet n’ng ‘lo ‘ue ‘nz
av n'ne 1%2%  ‘Uls A2 T

08 'St £'?s i ‘u9
*hn 6*20t o0'1¢L *2e6l *09 ‘w2
‘D Sl u'¢s  *foe vy
‘oh (29 2'°nm Pwel v’ "u2
‘mv ¢'1s  gnm 9pl ‘09 "ng

‘on  0°191 ¢'1MY  ‘cs oy *n2
‘on 1'091 n'28t e oy *ne
‘an (*oL 9’26 G 0y ne
558 {°ne e%1s ‘o ARLL
55 1°nd 215 ‘op ‘a9 *np
‘9% C0nsl 1%'2e ‘se *09 *na
ACTIVAT'T § S A ¥ 'Se ‘v “n?

‘9 jter  1'6S  tool oy ‘wp
"1y 1°sa 5°p% ‘fo A *n2
“ts  u'es  ntyn C¢ut ‘ue  "p2
bty 2'ws gyt *2vl ‘uy ‘w2
Uy 9'98 2%kt "ilol 09 “n?
1S o'ty s'0f 'se ‘09 ‘w2
‘4%  9°st e'we  "lod ‘09 *ne
€9 2'6L  s'ys  *20t 0y n2
149 170 £an *Lot *oy ‘e
‘ng  w'is  wef  '2ol 0y "u2
‘ns  s'im n°p2 001 ‘09 ‘w>
°8S 108 0°se ‘Ao ‘09 ne
el £'¢nrl g0l *ess ‘09
‘6L w'itl n'se  tngm %09 w2
‘04 &°IFV 1%06  *le2  'uv “n?
‘o9 9'SEl  L'su ‘b6 ‘o9 “n2
ugo #'uS  0's8 ‘201 09y °n2
a9 2'n2t  (“we 'Ry ‘ov ‘ne
‘99 3°efl €'ue  ‘os! ‘ay  ‘p2
uoo eIl 2%uy  *2¢t ‘09 *ng
\aa L1°ss 6'%s 'ngt oy ‘ne
L9 2'ng  n'2g *nel ‘u9 *ne
A% L'9%1 n'1e6 ‘el ‘09 *me

99 2'tnl p'ey ‘i ‘o ‘n2

(4)  (§/714) (S714) (vigd) (93u)

ol 4A 0A Jo 308y G/
dwl

Y3IAMYT U0Lyo1183ANI

YAvQ  AH3wOH1dK] wYIHLIE JIT0TYIdAM

(“2u0d) 11-9 119Vl

weu
ueo’
0eo’
v2u’
v2v*
véo*
veo*
0207
020’
0Zv”
vy’
020°
2o’
[F4"
020°

(ND)
49

nto”
ree”
nen’
wen?
nen?
nea”
rea?

4
neo

3&3“

X A1)

nep®
=«au
neo

:Aﬁw
hen®
reo?
auou
nen

vee!
nen?
heo
heo!
reo’

(NDD
[M¢]

L3 Le3%fInun
L3NGy g un
L3 1900u" 191 30
L3710 3w | Vet
1 11900y 3u ] ILn
LI HHIOG=Iv] Tua
LY%00u= 3w
L)AL In] 18D
[ERLOIEOAE L PRIZA]
a3 ¥ g Ing Vieh
L£3194600" 3] Tun
LI 0=3%]Inn
£ 3I000Ue 3¥] Inn
L1100y~ In ] an
13 180uy= 3%l n
L3THN09= Ix 1IN
11hlue 491 0
L3Waiu® w3
[EREIUNCETIN
L 3196100 ® g Tart
1 31RN0U= 3] TN
LMa0Ye Iv g Yan
L3I 4] Tant
LY tbnitig=4u] Ten
L3 Ia= 4w} N
13 gy dng tua
L3 g Ing Ven
1 1400G= 351 Tun
LNR00Ue In] Tan
130y 3w} Tune
1 31900u= 3% ]
13y 3e g n
L3 nnge gy Inn
13 I0ge Jv ] ING
4 1 RO0U= 4] Inn
L3WNOU* IV ] e
1319039 3n ] Ten
£33 WN0U=IN] Iun
LIMMN0DU=3n] Ven
43718N0y=3In] NN

3dAa
¥01238N]

owl [ 1]
6Ll Mot
wil Y
el HH
oLl [y
St LTS
el Mrid
il Sty
') Mg
X8} M
oei e
691 Hotsd
LA M
[AN) Hetw
waeg [T
svi ik
nYy Hilh
(S 21 Moty
2wl Huw
tvl Hoon
091 Hok
651 LEP
5 LT
{91 Maw
LFY ] LI
(%Y M
[} Hau
%1 LT ]
2st LET]
sl Huw
[} Hum
[ 11 HduW
eng Huw
Lot Hwid
on} LET
sni Han
nrot Huwd
il RETY
29t MM
int Hub
"Un  3dal
§%38 309

B-5

w.

,-:nsﬁmm



ey e

Appendix B

foeal"
f0est”
gospt’
foe0l’
10402
f0e11°
20+l
20409°
20s08"
soeng’
§oesc’
tos9)”*
foen2’
foan2’
foeen®
roset’
f0452"
fo*1t”
foest’®
f0402°
f0402°
foe91"
fosgt’
gosn2"
ros22°
€oegl’
TSN
soe(t’
goett’
10s91°
f0052°
toend’
toso01’
10+52°
fos(c°
toesn’
toepi’
fost2’
£0485"°
LM

alsdy

056"
go~§§"
RO=51°
Q0=~9¢"
20°st’
gpo=2¢*
go=tg’
oo.mn“
90°5¢
RO=62°
g0=82"
RO=t§*
g0=nn*
TRLM
go=in’¢
RO=Ch’
2098°
ao=sn’®
90=4n"
80°09"°
q0°8n”
f0=25’
90ens’
ao=tn’
.o.mau
f0*9n
go=yn”
po=sn"
RO=99"°
RO=9s"
RO=4S )
R0°5S°
RO=n9
90°95°
RU=SS
po=ss*
go-ne’
Roes9e’
g0"gs‘
80°5s*

ax

1gyh200’
*1t97tt0"
‘yneftno’
‘gag2ine’
‘gitetaoo’
‘ofnieno®
*L5¢2¢n0”
*n2,09200"
'g9ueLean”’
teening’
*sastion®

nieiLgo’
‘ynegiio?
rteLgselo’
‘nagltto’
Teto2et0*
“yigngto®
‘vote2to’
"nqgnnio’
*yiusnio’
‘2ismni’
‘edrssto’
‘vesiflv®
‘yse2t00°
LI
teLeanne’
*%00StT0¢°
‘gti2sio’
‘r2gwipe’
‘yee6t100°
‘6096100"
‘9Linlilo’
*¢2ente’
‘gL2etno’
‘tinteoo’
*leelton®
‘ysofhoo’
‘fipRtto®
‘gsg2210’
‘e2gnito*

Ox 4

s'fy W q04GL° 904g2° toll  Su+ls’
62l 8° 9peaL’ 902" 1) GoeQ2§®
o'y nt gostL® Y0ege’ 69  SOendet
29 n° 9g¢egL’ 90+’ 129  S04c0g"
9'g ne 90+€L" Yoen2® *tH  Soenog’
n’i p* Lo0¢01" Qoetg’ '911 Sossin’
"'y ne QaenL’®  90+52° "1 Svéglg’
ntL  0* 90429° 904061° 19 So+gse’
n°L 0 90+£9° 0Ly’ (LY TF L5
[AF} n* L0431° 90+gn’ *90f Sutanq’
e e (o¥91*  9o0eun’ 201 Soense’
n't n* qeene®  voeL2* ‘5 sueyog®
1’01 §° 904ng’  90eg2* 59 gp4g05”
1ot &° 9048L° "90e52° ‘qe  gosang’
"ot §° Loe€1®  QO0eyn’ *ni sue2ss”
n*ot §° Lo*ot® 9orig’ (X7 Gosnin’
n*oy S° yoe2l® 9045¢° *sf Gueu0g’
{'oy o 90+52° 90¢ng° he  Sussg’
t'otr 9° 90¢069° 9061’ ‘onl  queghe’
('uy 9° 90+55° 90+02° 1Ll gsusq22’
i'o1 9° 90445° 90402’ 'snl Sod9ret
Lttor 9° 904hn°  9045)° 931 susgel’
0°It 9° s0%2n' 90+421° *ILl sousset’
$'s 8§ 90¢9L° 90eL2° ‘94 So0s9lg’
»'e & q0+¢02° S0eae’ 9y S0¢162°
g'¢ §° spe2s"  90eL1°? 0Ll qoeyle’
¥'6 5 9042n°  9g0eny(® ‘951 soenel’
1’01 & qo4tn’ 90y’ *a11 soegll’
1'gt &° LoeL1® 90e09° *ZREL G04ywy’
e'nt e L0451° 90+nsg’® ‘uhp  SC049l19°
'm0 totnt” 90eis'  *ez9 g0429s’
s'nt 9 Lowntt  90e2s° 19t G049(%°*
'y 9 90eLs°  v0egR° ‘ntl  SuegEe’
e'nt L° L09E1°  90sin *92f Suosing’
2°ny L Loen1®  9042¢° ceol  S04stS’
a'my L Lo#nl® 90¢sn' 2@l sudgag®
't 4° 90455° 90472 el so+@22’
e'st L° Q0+6h° 90412’ ‘18 So0+ane’
e'm L LORI® 90025% 102 s0egES”
[ 3 S A LO¢S1°  90¢%s* ‘0 Go+210*
(vigdi(vigd) (4 930)

Odd 4dd 013y FRENTES FREL] 034

HIAMYY  HOLvDILRIANT
NOIAYVIdn03 VYAYQ ANIWONIGNI wWYINLS

("3u0d) 11-9 378VL

SUsSHL®
suevet”
nossSe”
LTI
Sosiul”
ATy Y
husdle”
LUTE T
noetel”
guseoe’
Susve®
posing’
g04901°
S08501°
sosroil”
Guéngt”
Luenul’
sueney’
not vy
nosptn"
poency”
nu+4y
LIET YN
sostit"
Sdeyul’
notiil"
nusces”
notglg”
S04252°
SUeg2e’
coenlz”
soeLie”
hodnng®
Gusyol®
su¥e12”
Suenue®
nosfyn"
noeL9g°
sosyi2°

susiee®

43

.
-

- e

* w e o @
- NN -

-
P NN NDA SO et T ormeu MmN TAODIPMAMAMMIIF O~ NN S

o
sl
x

100 8IdANH

@ ¢ e %" 8 @ & * e & 8 s s & g 0 8 9 .
- - - -

AMemPITPTC AR NITIUNAANINOILSTONTOEINMO INNI =DM -
® 8 4 @ ¢ 8 @ g & 8 3 e s v s s o v
MOMMCONNTITVNANNLNANNL, o —=NNASTTINTITIITEONOCOITITI I
" ~ - - T~
-

2 Y
W
=

DFW
*ie

.ﬁo
19
“tw
INE
n—m
‘an

*ugl
‘et

‘io

14
‘oll
‘19

{visd)
d

xlin
xlw
xlw
xln
xlw
S/
xin
a’/w
d/~
xln
&in
FRULT
ala
xiw
Al
xin
xiw
X1n
da/n
&l
a’a
d/w
a/n
xlw
Al
afn
d’=
d/w
a1s
d19
¢3S
xiw
xhn
PR
dais
a3$
43Uty
43080
in
FELLT]

300w

el Huw
I Y] LT
“«Lt Mok
et L]
ol Hyw
sit

nil

té1 Hun
2Lt bveid
tet Vb
o] Mk
a9l |19
el 31"
193 Nred
o9t i
LS 2] Hutk
9t Muh
¢! MW
ey T
ivl HeW
oyt Mus
63t HuW
¥el Konw
L1 Huh
951 Maw
551 L]
(21! LT
51 Han
291 K
iIsl B
oSt O]
oni [ 1VY7]
onl Huds
12} Moty
gni HHW
(121 Hpk
L2 Huk
(4.2 1]
ant Hu
1ot (L]
"UN  38AS
i$3) Yn4

B-6

4t i e i

N
A




Appendix B

£0+425° XxIw 2S50°1 £9°1 "1t 69 9'2%  6°6f 7Y ‘v ‘o 120° veo’, 110x U¢e  Muu
fotins® XIW  L9°' 0L°f gL L s'fe €S Cr2p ‘v ‘o 120° neo) 116X 612 Haw
fot952® XIW  S00°1 49°C ‘ol 'S?  g'%s  o0°pw *o¢t ' ‘v 120° neo Biax ei2  muw

fo%gal® 41§ 262°'1 09"t ‘g9 39 n'Est 4°¢e YY) ‘o9 *ng  v2v® wen? 13NENN0=Iw)den L2 0Sevw
foteglt 438 962't vo't ‘o4 ‘99 2'wni gl ‘oqn *u9 n2 0207 ¢! 11AANY"I> 1NN 912 0Gey
forosn®  gag 9ug°l 65°1 "o 1L 2rge1 preil *2p2 "oy *n2 U20° nd0° 13V00ge 3N un SIZ 0Sey
fos0ir® da 621 0071 1L St 4'0f1 8'06  'fe2  ‘u9 2 02u° nen’ 13MW000=Inl A nIZ  0Sev
fotogE’  dac 2R ve't ‘et Tad 1901 2°nme ‘o ‘o9 hZ  02n° HeNT 43T s iy £42 ySey
foe1nd® S/W 69¢°1 19°1 ‘py YRl 5'92 £°§5 ‘062 ‘o9 B2 029° M0’ 4 31MA0G=3xl TN 212 0Gey
toengt®  Aid 2ne’y Ln’y ‘ge ‘29 (3L g'en ‘062 ‘09 I TN ne0; L31MNLG~ i TN 112 ogey
£04€21° xIWw  S92'1 29l "ho ‘19 0'vae  K'gm "€p¢  ‘uy  "n2 020" p¢9S 13TWNOUSINEIINN 12 0Sey
So¢EE1®  XIwW 15¢°1 4g°1 ‘g9 ‘g9 (B L) 9°¢n 162 ‘oY a2 92n® n¢n” LIIRANDGSINIINN bUZ  0S-v
foewsl® xXIw  H&2°H 09°1 “ni ‘0L 9'ma  pmm 562 Cuv nZ 020° reo? §3WA0UtIxlTnn U2 uGey
furhed® d3S  99¢°'1 1ot 1y OV 0291 I'mET *Eal "u9 h2 12 ° om0’ 13IManusdnlInn Lu2 uGev

-

£0+2a¢®  XIw  6LI'F L9 ‘69 ‘Li 9°0f  S°IS  ‘esl  'UY w2z 020° #€0’ L31HIDU=I¥IINA Gue  usey <
fudil*  d/w Loe® 16°1 ‘49 ‘99 L°on 2'in *loe ‘09 02 020° #e¢n’ LINHHOUSINT VD S92 ¢Ge¥ N
Povs2l'  xlw  9me*t 59’1 ‘or ‘ot z2'4st g'i1ll *se Y09 nz u20® n0’ 1 IWNNUSIN1 LD nvZ  0%-v :
n0%001*  XIw LLTAR NN A SR ¥ *24 2':21 06 201 ‘o9 *n2  y20° N¢O° LIMENOU=I»[IND U2 uSev

nodnil:  Iw  L22°1 1efY *me Yy 2'mit w'sl  ‘lg 907 m2  020° #20° 1Mmu=3w[Iun 202 oSey -

fosgte’ LU Y R R TR TR ¥'2 ‘69 §'97,  9°2%  ‘le *09 ‘w2z 020° 0¢n’ 13WNA0QSI<f A 102 usey '
fovin9' xiIw L62'1 09°1  °qi ‘qy L't £°0S Y 09 *h2 020" KN L 5NIGeIx) efi VU2 UGey -
04194 J30nN  LSE°T1 RS1 ‘g ‘ni 5°99 noen LT o9 *n2  020° ped’ pawnnu=iviTun sel oS-y N
£045¢42° d/w nye*l pa’t ‘g9 ‘€5 9°15 9°%qg *20 ‘o9 k2 020" neo’ LHIEAUY=IVI NN B8] pGev ¥
foe9qn’ Xiw 691°t 60°'L ‘48 AR AN [y ] ‘202 ‘09 *rz  02¢® men’ L11EN0gcIviTan Lol Mo

noen2e’ 43S miz*t 6971 gLl ‘mEl e'0L ' yn *202 ‘uy *h2  020° HEp° 41718N0YeIx] 1NN Yol M ~ i
LITR W T A E 1 LY Lr*t *ent 20 el 6 an 202 ‘vy *52  020° meN’ 23 IMa0u=Iu} NN Sl e '

nO40E9*  §/W 91’ §¢°V 002 ‘09  s'wi  0°¢s  ‘ec '09  *nZ 02 $207 13MMA0U~NI Ve nel  Hum @

nosutn' §/n nse’t oLy et e neot s°1s ‘66 *ue *re w20 neo’ f3maneeIng v ol [T

nosis2t  §/w vse't 891 “ent ‘1L 59t CAR LY Ty o9 *h2 020" heo? 13V9nnge In] e 204 YY)

£04¢m9° XIw 205t no'tl ‘g ‘29 o't 6°1S *Heo ‘0w *wz  g2u® wen? LGinnnge Jwilen tof [

SUSESY  XIW  26¢2°1 m9'L ‘2@ ‘e®  ¢'nr L'0%  ‘os 09 *mz ven” nen’ 23 mnugeInl N 06l Muk .

fotuge® d38  9ug*t 16t ‘2L ‘€L 9551 (40 X ‘ov *ng  029° w9’ 1ymnncedvi ) eul Mk
Suengl® §/Ww  POE*D wsT 'or 0L 6'0R  '§S  C00f ‘U9 "n2 020" n¢o’ 1I3MWMILU=INIINN EBl Huw
00911 xIw 102'1 69°% ‘b9 ‘99 529 2%nn *fe2 *u9 *ng 020" peo’ 1316000~ Ini NI Lul Haw
Loe121® XTIk 8601 16°1 ®0r ‘89 §€'6L p'0S 292  ‘uv  "n2 020° 0o’ L3MWIOUSIIING Ul Mum
04112 43GNN  2L2°1 o't "or ‘0L w66 W°wY  °682 09  "hZ 020" hen’ LAMWA0UeINIINA SOl wuu
£0+EN2Y 43S UWECY ¢gYY tor ‘1l 69Nl 2°2L  *6SZ ‘09 *hZ 020° n¢0° 1318n0U~IxlINn bvl Y
£0%098"  d38  SOS'1 @9'1 ‘2¢ ‘9L 9'0S1 9'2pl 'Rel 09 *mZ 020" nen?! L3MWAV0edvIING 9 Mwd
£0+169° 43¢ $62°1 29t ‘gt 6L 2'eSl gtgul 2yl ‘o *HZ 020" nco” £IIBNOU=InEINn 241 Ak
€04251° XIW  LEE°D 09°% gL L9 1°SL p®05  'Se2  "09  *p2  020° meo” 1BNOU=INITING T¥T Muw

t33¢) (3) (4 (8744) (S/14) (visd) (930) (1Y (ND) 3dAL ‘Uh 3aal
1Ivay 2000 OWZ4W M F'1 0l EL] 0OA 9 319RY 977 34 [11¢] ¥J1230NL 1834 YIng
dn i

YIANY HOLvalig3ANT

NOTAYTI4WOd  YIVE  1HIWONIAW] wYINLS  J10983dAM

("3u02) 11-9 31avl




s

. A ez s

P T

Appendix B

goe5g’
foeng’
toen2®
no.o—“
f049%Y

fosn’
fosin’
foegc’
§0402°
§0451°
foe2t”
051"
f0e91"’
f0409°
042"
gfoest’
nos2t’
noectl”
noatL”
£0e20°
foen9”
fos9L’
f0+92°
fo04en°
noe2g’
nos¢2’
nosga’
hoe'r *
noeg2’
§0469°
f0ens’
f0e62*
foest’®
£0e2%°
goeqt”
f0e12°
foen2’
F0495"
TN
foegt”

alsdy

s0°01"°
0t=ss"
0l=0s6"°
RCegn*
[0-¢h°
RO=In*
RO=on"
R0=2%’
00=%5"°
aC=ys "’
90=6€"
go=gn*
ro=9u "’
f0°¢5°
90°49°
f0=sh’
Q0=2n"*
RO=L(N"
goein’
R0=2n"
A0-LY1’
q90-9n’
RO=0T"
10=61°
10=11°
go~g2°
R0°22¢
go=12"
R0=02"°
R0®6f "
005"
R0*19°
80=29°
Ro0<19’
99°19°
A0~65"°
a0=19°
90=29°
g0°65"
e0=4s*

dX

S ey

PR L —.

*t9¢gn j0°
*tieh 10°
*woyn 10°
*thyn 00°
*olen 00°
‘i80S 10°
‘ubun 10°
*usun 10°
‘iegn (o°
LIS T N
*LSan 10°
*L09n jo°
*yagh 10°
‘enis 1o’
*yq9n 10°
'esen 10°
*9525 20°
*eLes 20°
"12yt £0°
"Tégn 20°
‘e2re 20
*19yh s0°
*ygey 20°
‘tenseto’
‘teyeeno’
MATSTIYN
‘abegsatt
‘grung 21’
ALY
LTI
*L01hy 10"
*1Ls6100°
‘1215g00°
‘geeonny’®
*22¢h 00"
‘g2251n0"
‘otesio0"
MLLIART M
‘zoi10110"
*Lagngoo’

Ux X

SN OV NN ONMIVNARE DS LD OV OO D2DANITT

~ o e e = n
1 R A -k iy e

La BT g

FCPOCTOTMOTITONCS—=ODANDDIOIVONIN=O~NUECT NN SO TN

-
ol s d
” ot oy

0°9t
0°:s
L1t
o*ef
g'ot

dAYN

nneqe*
noest”
no+ne”®
Loent”’
Loeyy”
toeat’
Loeng’
Loset’
90%14°
90+n9°
90¢29°
90¢69°
yoe0L”
tovel”
9pesy’
“0e29°
LosLs’
toeni”
Loegi’
q0418°
90¢9L"°
Goe2L"
90¢25°
q0+96°
L0011’
Q05e’
Q0+in’
Qa4n’
qo+1y°
90eL°
90¢9L"
toent®
LIXY TN
90+99"*
90+92L"
oe11°
Loe1)°
Loe9l"*
toeel’
90e¢LL"

[*]
-
3
-
<
-

~
-
-
-
< o
- a

- - .
e DN PN e U AN oot ot BN oo o NN o~ o

<

. = e A .

TOAANTOCOATO OMI INITMm o

R R R VY R E -
—~0 O OoTCL TONILLMA—~CT

= a 8 6o = .

- ..

VWECETENI2NCSC—LCNT T

PATPATCOmr U~ CToWr VNI e -
.

-

~3 T

- om ot ot
«< O o
- e »

-—
o e
-— e

691
'Ly

L
-

(vigd)(visd)
0dd idd 0134

H3IA

NOTLYI]dW0d  viva

10¢16°
woety*
$0¢0p°
LI TR
ueag®
90¢65°
90¢4n°
90¢6¢"°
90e0g"*
9peget
90402°
90+¢52°
usge’
90+19"
904n2*
99egt’
9040
9045n°
904+1n°
enes2*
90¢q9¢2°
ueg2”’
S0es1°
Quetg®
904¢9°
9040¢"
YoroL®
Yo+99*
90455°
904 L¢°
voefg’
90+hg*
90e28°
90enz"
90+ 35"
90¢06¢*
9o4gn*
904+€9°
ynelq®
90+0g"°

EREL

MYl

ANIW

'Rl 5049%¢°
‘602 SO0+glg’
*Ri2 Sorele’
029L  Su+us”’
‘tow  Susgon’
*olf Sneggy’
*2fY  Gutn09*
*20Z  G0+9b6h°
‘16§ SnssOg’
‘el Susgue’
‘202 Sueese’
*202 Sueile’
*¢92  s9sane’
*2ng Soetwyg’
‘ywl  GuUsLng’
2Lt quapag’
*651  queaty’
‘ony  Guepus’
*unt soeels’
‘snt soe9ig’
‘60l Guegly’
‘eq goegng’
‘I so0¢9l2®
o1l Soealn’
69 sosLsn’
*ng shsqng®
gl sedpog’
e Soéung’
*on  Speoty’
‘o S0+125°
*tvy sosig’
'onl  Guesns’
g0l Guegng’
‘a0 Goezw?’
‘1ol Guenlg"
*in]  Gonhn®
*int  Gospon’
‘6?1 60+quq’
'621 G052y’
*g2y Sos0es’
(4 930
1)113a aay
YOLvIIL8IAN]
IONIdWI WY IYLS

("3u0d) 11-9 379VL

[

nuesdn”
Guelil®
nus9dn’
Susvul”’
SUIULY”
cusnne*
suso0t”
Guahit®
Suesey”
LI T
noeus e’
huetyy®
nosuIn"
Suenye”
Goslvi”
nostug”
LoeL22°
[T
SosvLL”
cusglg®
QUL 7
Suiyul”®
PUsS69°
quetyy”
(NTYLY
suedne”
susLey”
SuestLe”
Susnde’
Sueny”
quevLl®
quevee"
qosen’
Suesiot®
SusUL”
s0ekY1”°
S0+HLY"
IS
Gusvy2*
S0s921°

-

" -
.
Ll 2"

=
-
k1

-ty

1N E AT AT AN ADC
» & 8 a0 0 0 o e e
- -,

.
G D J UM oA N AMMAS DI NND SN TNSNDO &=y

e o & @ s s s
N - - -

QPP L LLTITMAAUMI OISO

434 Q2an

21109383dAM

e e e 8 a & ¢ s s o o
- 3 e

TTNTAISUBT =D IND>T
- -

« ® 4 e o ® e o o o s @
MOV AMNG SNV IV D22 NITNSVANIST —
-3

- NN e

W OINMNAMDODTI
.

FELY

‘124

OAYA

i 1.Y4
424
"o0¢
"os52
1)

‘ew

‘%62

(visq)
dd

8 1%
x o
2hn
als
PE N
43¢
dasg
a3s
Sin
Ay
xhn
xlw
xla
FELS
7in
d’/n
xlw
xle
aln
xle
¥in
EEDLY)]
a’n
in
TELY
o 38
-
$/n
[ XA
xln
sln
ais
S/~
xi
tln
43300
PELY
¢ 18
FELY
fle

300w

vee M
6l Ll 1}
ele Mrent
L2 oS-y
912 0Sey
sl vs-v
niZ2  0Sev
£12 ouGey
212 vuSey
112 Gyey
ViZ2  vSey
6V  uvGey
¥9e (S=v
{vd  USey
ove  USey
S02 0egey
hu2  USey
§Ue ULSey
24?  OG=y
Iv2 (¢Ge=v
Tve  vuGey
&0l OSey
8ol vSey
tol LY
9bl LYY
sel [YPeY
~ol Haive
fs61 oibe
201 LTS
101 o
6ol o
[T} Moo
wo | LY
Ll P TY]
9w} Hak
Sul Man
nrel LT
£l “eib
2wl Hih
v} Hun
‘Un 1dal
S EYSRELY]

B-8

Py

u.»
v
3



PR ~.~~»w

N T T R Y

PRSPPI

mra

| TRYOIN

Appendix B

3

fos9ns’®
90%¢n1"’
[ TILEDY
Qesnnt®
Sutve’
LILE LY
£0+599"
foeyg’
fodutg’
fossngt
foeLne’
foe20p°
guduar®
LTI I TN
Sud2og’
sos22g’
hosnge®
nor69e*
fesoan’
(CERET M
10449y "
foso0y’
fosutn’
foe2in’
ot
fo+50%°
torige’
Sussge”
f0¢02n’
w02’
S0¢v0e’
0459t
50¢851°
$045214°
LI T I
notuge’
noeigl’
fos1gy’
totoct’
foeig2"

(33%)
Lov3Iy

d/H
CEL
438§
d3s
S/In
XINW
418
XIw
xiw
Xlw
Ay
A
43S
418
48
d1§
d31S
dis
d3%
S/w
Siw
S
43S
d1s
d/n
AW
[ ¥4
43¢
CELY
438
418
dis
di8
43S
438
xiw
XIw
438
d3s
XtwW

2004

Vi e e mm— e -

YEAL B TAR SRS V]
tev*e 05°2 *tlog
Y04°2 V572  ‘out
6500 061 Q1%
wy'e 42°2 °*mmne
owe'e £2°2 ‘uel
10%°¢ ¥2'2 ‘o9
6iu'e T1°2 ‘o
692 In"2 ‘wue
nente vg'e ‘wi
2EL'e 172 ‘ou
192 S1'2 °gt
#90°1 63°t  "sg2
45071 60°t  *ag?
99U’y 691 ‘gy2
6vu’l 0t °ga?
Pe0tl 2L°1 ‘et
sto*t 2Lt *adlt
gEutL no't gy
too®y Lot 1L
wio*tl 99°1 ‘ot
eSut no'tl *me
LT0°Y S9°V *at
666* wo't a2y
teo® ga°1 ‘o
tR6* 60'1 2y
966° $9°1 "oy
090't 69°t  ‘qu?
¢eo'l 2¢°1 ‘te2
666° 9L°1  ‘owe
1i0%L s¢4°t  "gwe
100°1 SL°F  'gqu2
¥26' 09°1  ‘gn2
626° 19°y  *zn2
826" 1 ‘pe?
606° 08‘1  *n9l
ofe L't ‘tmi
ste* K2'1 cue
e 09l ‘gu
n20*1 99°t ‘g9
(4)
UW/4n  BH 41
NOTiY Il dwD)

‘65

‘fol
‘02l
‘oul

‘st
‘a9
1Y
T
‘a0t
el
‘91
‘te
‘o8
‘U1
Y
‘9,
A

1)
U2

uu»z<

viva

- ;“Q‘I&a
n:;s&""“ «

- & e o e

MN~OOT OB Y
~

.
<
o

2'sol
8 'ya
812
1°0e
2'not
89y
w'oun
2%en
i1'eo
(SR ¥
0'9e
q'fe
stoL
Ve
L't
1'99
0'99
a9,
R'§9
L°001
1492
9'en

(s744)
A

n'cS
n'r9
£°59
L°o%
R'ES
1°es
9 u,
1" RS
Lie
[SE11
L6
Can
n'te
L°n9
1°59
n°2%
9°\s
3L
u'al
n°§sS
[ 3XN
2°%%
ey
969
g
W'
L
£°¢S
9
2'29
192¢
v°§s
£°19
6°1%
2'1S
[ B §
%'0s
1'6d
L°48
9'2t

92 A4 ]
‘el 4 )
st *a4 *n
‘1l ‘¢ ”z
‘qyy ‘el n
‘611 ‘e ‘n
"hot v ‘n

*9nt \rit *n
T *eL v
*be 'L *n
T4} ‘et °y
‘w2l A4 ‘n
‘Lut ‘ue K
‘e ‘ue *

.oM“ ‘0o .u
te1y ‘veo ‘e
Lt ‘oo )
*fet ”oe ”a
‘et o 0
rtay} Y *0
‘hygt ‘ue ‘o
*nat ‘vo ‘0
‘991 ‘vo ‘o
‘rnl ”co ‘o
‘lg ve °y
2ot ‘us ‘0
‘gt *vo ‘o
*nal ‘o ‘v
*Snt ‘v ‘g
‘9l ‘o ‘v
reel ‘v ‘o
0?—— -c OG
*nat ‘o ‘o
.NN- l° .Q
-NN— IC |°
‘el ‘0 ‘o
INNﬂ .O .e
-30— -0 .O
‘ynl ) ‘o
o—t ‘v qo

(6714) (vlSd) (930)

OA

3d 9%y O/
dnl

A ¥NLv91Lg3IAN]

ININONT K]

HYIHIS 210983dAH

(ju0>) 11-8@ 318Vl

(27

v e o — T —————— = v = =

197d141 YIRS S2&2

$3'ging
145dinl
1 3alal
d13alns
L3lalny
13021m1
130aln2
33Yalel
14%ains
13%1m
1 $lalni
LV I ST IS
1738 MY InS
1i¥ §a NSy LaS
iV 1d 1§77 148
3472 -3V V4SS
LY s +5Y (eS
EFS AL ALY
347 0a LSV IdS
3L¥ 14 HET 148
ILvid wSyIss
4% la #SYaS
31714 ~$Y 45
I1v g %S274S
ALY 14 HST 1Ay
30y 1d HSv¥aS
T10a
Tiax
1ok
faux
Viax
1iQe
Liux
igx
150x
116X
tiax
faux
f10x

1dA L
¥04J30N]

Lye
(314
»>é
152
9»2
13 T4
1e2
§92
252
152
(T4
ore
whe
ine
gnZ
sne
nog
fe2
[4.L4
12
one
2%
vie
12
Q2
rte
(474
k4 T3
13 ¥4
012
(144
<2
te2
9¢e
sée
ne?2
1 154
€2
1ce

‘un

Hur
LT ]

L 1]
"k
HNuw
L]
Hesd
Han’
Ld 1

Huh

3dA}

1831 a4

8-9




Appendix B

foecs’t
eoeit’
g0459°
q0+nt®
cg+2’
noeoy’
£0+99°
toege’
foe¢le’
toe9L’
g0e5L"
toe0q’
s0e9f’
Goein®
coeac’
s0¢2¢°
noegs’
noei2’
goetn’
foeu2*®
f0¢4€°
goeog’
foein’
soegn’®
soeut’
goeo0t’
toets’
soe9t’
s0e2n
gpeg2*
c0e¢02°
coegl’
(XXX AN
goegt1’
noe0R’
noen2*
nosst’
g0+59°
foeps’
fos22°

o183y

go=0t*
toest?
R0°69°
10=21°
Ro=Lt’
fo<0l"*
(o=t
Lo=t1°
Ro=4n’
goaet’
Qoens*
queet’
s0-g1*
60-21"
otese’
s0=0t"°
Olenn®
cless’
01+2s"
s0~21"
008"
6003
ot1=16"
80°01°
60°51"
011"
s0°01°
b0-§1°
puent’
o1-16"°
0t=9¢’
0109°
ol=ut’
o0teys”’
oi=9n®
0=’
a1esn’
ot=§9"
s0=0t”
01=9s6"°

X

‘nozs
‘t9nh
*2roth
youf
*eLogn
‘stnn
*9Zen
‘eoun
MLYL
0208
“hngh
‘e21s
T R 9
‘neyh
*294n
‘inyh
‘oign
*w006S
‘isen
*use9
*%9:5
*uet9
‘ES9n
‘ysan
‘el s
‘2ins
‘enus
*1g0s
‘1840
*290s
Lo
MCAFY)
*dLosS
1T
'¥00%
"nogn
"ngeh
‘Lien
YL
‘Sten

(L

"

~N

L L LY L X

PR NIRRT P oo @ M e P

[0

COOCO D NMNIINMAINCARDMIUT T O™
@ o a2 @ o o o

E ol 0

Lo R N R W B I

¢ @ & =

S ONNO =P AWT oI

-, o

dAdv

Byt 9 9041
1L 0°L9 90+9%
2'un  ¥°S9 aqneqn

1wy 9%0nl 90450
£°L1 S°8T  9pe0f
1oLt e¢'2l 9nen?
2°st1 %° qo+in
9°%1 0°) Yoels
't 11 wgett
2'nt 11 9040¢
etnt 0% 90+92
0’9y ¢°t 90¢q?
166 2°1L npegy
1% 0°2L noensy
N'¢a  2'we  nneys
£°va  0°2L nosen
9°12 1'S¢ noe9t
9°4l & ot noeht
1°¢1 0°% ho+sS
i'et 9 [T2X 14
Lty 1y nos iy
$°91 o° PO+SE
9°et L1 no*SS
vietl 2%t noson
$°91 01 LY
26l a* noeGe
v'el U't noe?L
1°ts L'69 noeqs
V°9t1 L°nt mosol
$°¥9 6°%9 no*esS

2°4n  ¥'9S  noesh
R'LE £°6F nhoesw
8°9¢  L'2p  ngess
n'en 0'LE wnenn
2°92 6°0% nmoept

0°sl 9°9  moest
L4y §°s noens
9°wtl  9°'t ngens
'L o'y noeon
£°21 o noso2
'vigd)(vigd)

Odd 4dd 013y

NOILAYII4u0D ¥

05y
* qgete?
* 90e¥e’
¢ epele’
*  9g402°
[] GOONﬁn
* sneGL®
* s0es’
° w0el%’
. mQOOV-
M 1 X212
' S0ea5’
. HQOMO.
* no#*9q°
* noene’
* moesy’
* nosont
* uoene'
* posol’
* noe2t*
*. noegy’
* nos2yt
* noent’
. v&.m—-
¢ soeng’
* w0eng!
MR DTS R,
. GOoﬂﬂ-
* noey9’
* motos’
* noeln®
* noeln’
* noe9n*
* boepg’
noeng®
* noe2e’
* noent’
. noee®
¢ goemy’
* f0e2;°

4

HIAnY

lvya IN3w

pn Suea”n’ SUeITT §°g
“rp 99ssE1’ S0s0IB° n°q2
Shhy  904gl1® SyeotB® ¢4l
an ousgli® S040¥6° (°ni
*hp GoeINL GOVEV® (%%
‘nn QuIlZL® S0+Ret’ 0%
1) QuegOL® SLeIRT" L0t
Y} coe2He® Sue27T° £°¢t
‘nn Gyt 2n’ poeseL” 2°¢
*np S04405° Gud ™01 a°¢
“np Gu+299" GuIt2ZT” §°g
Thn G042G9° SOeTLT’ 1%y
‘nn cuigne’ s9sble” 0°21
*En GueLlut SUesee” K21
snn Suringy® sueene” 91
“ne qoenbn’ m:.c:m- [ 3]
L9 SoenvE’ S0eLes” n'p
*E11 G04pFE° S0e0N2° 2°n
"m2 SudnfS® Suedv(® 2ol
ol GUSIOE° S0450(1° o
291 Su+gLls® quenil® @'q
sonl  S0+168° quenel’ 2°9
‘ULl Sueghs’ qoenni® §°al
gLl Soen0On® SOsanY” 9y
vl Sodpt2’ roeung” 0%
961 60+an2’ nOenng® 8’1
‘661 S04125° Sueniy® o°f
108 S04uLs" QUeBLG® 9%
1) Goen0L® Suenye® L ¢
‘qn 50¢qR4° SUihes® Wyl
o2n Sodann® Su-ivn® L'g
Y Gue2En® <veoun’ n'q
“Ci Sueyng’ Suenyn” L%
2y SoenEn’ Sueleg” S°¢
*2N SutonE® Suesng’ L°h
UET SOMISE® Soenge’ By
*pS1  SusohE® SQsvel’ 2°n
*$22 S049%s° SU*81Z° §°al
022 SUtpsE® SOeLf1° 1%y
*gyl  S0t202° mosuiL” 1Y
(4 930)
1173¢ Ny 434 03n
Y0 y9I1¢3ANIT
ONLdnl  wY3nilS J1INUVIIdAM

(-3u0d) I1-9 318Vl

4

e ey
2°rsy
aJar

a
.

3

L'y

AR Y4

4 & @ ¢ o a ® & @ ® & » o
SITIEI~mEe~m
- - - ~Noa

DNNAD = et Am™ A

e o o
-

-

. e ¢ 8 v

.
TN D OO IDT VAN T

MNPOCNAMNCMND INC NV OmMD D

43in

“ng iy als
‘vy ‘od aiy
‘vo ‘ol a1y

‘uo *nol she
‘ow I d 1%
‘Yo ‘nny PEL
55 T djv

‘¢ *ent A

*ny *t21 S/
*iQ o2y a3s
e “otri PR
vy 12} aids
*og il als
‘un ‘all FEL
‘yo ‘ani als
33 *ee als
*yg e ais
*yg -rN-/ﬂ xln
g 19 ceal xln
‘av TS} FEL
*99 ‘uri a3
*of ‘e xiw

(vigd}
9AVA d Iuln

(Y ¥4 Hun
092 LT
652 Hun
3 T4 Misin
152 LT
a2 Miteh
52 (I
L& T Metnd
i3 T4 Kaw
<2 Myt
192 Ll 1]
['A T4 Hnd
6re Mt
1 A4 Higw
Ltee Huk
ang M
sn? Mutsl
roe LT
T4 Haw
er? o
tng My 4
unp Hni
[3 ¥ Hun
(3 ¥4 Hegw
42 LT
LA Y4 Miin
[ 3% 4 Herim
f1¢ M
2y Hak
13 ¥4 L)
032 Huk
6 Man
ele [Ty
2 LT
ac¢e Moo
[ ¥4 Hoers
neée Mad
f¢2 P
2e? Khw
1¢2 Heig
‘un 3dAl
1834 13Ing

B-10

»e



P

A e p

P ]

FUPPEN

Appendix B

b o REG I, ra e

B e e i

Sustgn® 418 MLE'H S9°1 “he2 281 9'nol 9'uy  ‘npl 09 "2 020° 120" 13IMNNATINI NG L1062 wMmw
soe2¢E° d1is 962%0 KL%t 'oe2 ‘ILL np'es sS*ny *Sni 09 *n2 =~o“ 1«.& 23 1enba= vl Ien 02 [roe
Soennt® 438 09%'1 S9'I  fowz ‘ell p'¥R  0ts "L f0y  *hz 6207 LCRT 2IINDUSINIINN 562 Huw
gueentl® dis L'l *em2 foe  ster  o0°ts *set ‘09 ‘n2 L2y’ ren 131EN0G=Ind TN R62  MHaw
no+EIE’ dis £a2°1 99l ‘cut  “se L9 Lt°0s ‘g2t ] *n2 v2e® ned? 1371800=3n] WD §62  Haw
Coenin® S/w $92°1 6o°1 9y ‘ot 6'sty b°0L *Wol ‘uy tpz  020: Pen) slManu=Ivldnn 2062 Hum
foenst’ xlw tue®t 99’1 °qf ‘54 'R p'ey  tinmd ‘oY r2  020° w60 1 RtngeFal D 162 Meg

S0e92n" g/ b6l 29t *cr ‘mt e'ew  2'sf ey 0y “n2 wvev' =n=u L3G0US vl 0 L2 waw
£04960°  a/w sEn'l ng‘lt oy ‘s ¥ oS [ 7] ‘o9 "ne cua” FEDS 13 Na= a4l ) bue rum
f0s99L° d/w b62') 9L ‘2 "t 2°LS £t *We oy "nZ  wZu” et 13WMangT 3l g Re?  suuw
fusygn® xIw 6081 191 ‘v ‘e S L 2°sm *nel ‘09 *ng  0¢o’ Peny 13TMN0G=IVIINA LVE Hne
SOetRe’ 435 002's 99°t *se2 ‘shl 056 gfle 05l "¢E Cu 0207 mind 13lalam) V1%wS w2 wuw
So¢519° 43S 25¢°'6 19°t ‘g2 °l1tl €06 9°rS 951 Y *n ven’ piol  1alalal 1IWRs sue Mo
S000URS"  J3%  fle’s 99°t  "ge2 'oftl oL C*hp *05% ‘v p 020 pan 130dlal IS ned  uww
sotlsl! M“: wei's ca““ tos2 “ﬁ" mmww Siee umw" “MM m uwe” "mm~ »u“a“a»»u“uzm wum nxx
Sodeni L] §e1°y 99 922 S . Al 1] [ e [ v aln " Y
novLLE" XIw  J640°% DO'T  Cpst 0¥ STIL n'ym ‘s2T *Zx n OQ0° qmaw 11785dl V1V 182 muu
o129 438 %89'n MOV gy ‘2 Lty e'2t ‘012 ‘eg ) 020° 784, 14dalad 1IIns 0vZ2  Huw
£04059° §/w  098°n £9°1 ‘s¢ ‘1L SLL 1°rs  isl ey ‘o 0267 nk0,  137dldl VIS 602 suw
fososy® XIw  299°t el 2L ‘t¢ LAe stor ‘v ¢ n 020° wio?! 1314140 VIVeS RLZ Hum
foe9gs® xInw  289°0 L9°1 ‘09 1L o-0g 19 *lg1 e "m G’ nE0°, 43Vdalsl VNS QL2 Huw
00094 XIW  094°m 99%1 ‘g ‘gl 659 0'In ‘621 "¢% "m 020° ®S0° 13Vd1ad V1w 9T Mum
$313] C4) (4 (8/14) (8/14) (vigd) (94u) (N1 (nl) EPTY *un  34a1
1Iviy 2008 OW/4W W T 04 F1 OA 24 Nony G/ 40 wa 404 23rn1 1331 13nd

dwl

H3IAMY YNLv9ILSIANI

NOTAYIdWOT vAva  ANIWONIAW] WY 3INAS D102 3IdANM

(-3u0d) 11-9 3749VL

.n r

\ Vo ey . i S . . ¢

e

8-



Appendix B

LYY ¥
000000

100000
000000

vtooo0
001000

[TIXI N
soesg’
soent”
goe0t’
noesg’
fo4in’
foson’
fosgn’
Yoe9n’
toess’
[CXLLM
so0egL’
(XL N
gaeng’
goesl’
goent’
:o.cnu
029

foese’
foe99°’
goent”
LYY

Q193

Letiee
v0C000

000c00
000420

00C000
1$0000

056"’
oe.mau
09"
go~2¢’
v’
90=99°
go0*89"
po"nt’
LR T
Qo=14"
g0=29"
a0=nn"
go*nt"
goent’
s0°2L°
60°9n’
80°95*
go-21”’
a0°g1”’
TR M
g0°51"
g0y’

dx

ollile LLLitl
000900

ondod0

quEoou
ns0000

010000
[€XL'11

*429n
‘st
‘oden
*e2en
*eLvn
*6009
Y YY
'yq9n
*G9uy
‘oSN
‘nuph
o945
*weLS
K413
‘s{us
‘5146
*204$S
1569
t22eS
*2495
*oRLsS
'$599

Oox

000000
000000

000000
150000

ns’
15°
82’
ntg'
1
1o
(o*
N
10°
10°
1!
58°
2%’
3%
(1%
X
50*
o0*
10°
TN
to*
10°

[ b

® @« © e o @ ® o 8 o
»

- L) N PO TN

-
-4
N .

N OWO I TOM e CNCSIDNO L OCNOw O
-

o~

"o

dAyN

Qlatll
0009000

0QU0DoOO
Lt

100009
n06000Q

1°5e
ntiaq
8 0y
°0'61
6 91
Vit
6"yt
s$°ny
' 9!
3°91%
?°st
9'2n
n'iq
0°00
%12
912
06l
9°41
2°u1
t'st
'wl
Ve

(vigdslvlgd)

0Odd

deeLtt
000009

Quouou
LLLLed

000000
000000

n’et

s e % B 80 w0 e

.
OGO SN -
N’t“ﬂ

= OQC P DN NP OOOC

<
.
-

41dd

Quetde Lttt

000000 00000

000000 Yuntli12

010000 00g00Q

ggenn0 910000

to0000 000000

LoeL1*  Losst’
Loyt L0eLy?
Loet1®  roeiy’
9neny’  adel1’
yoelg® vwos0L®
Loeg)”  w0eLn®
qpene’ 905§ °
Q45" w062
025" 90+12°
9p0¢249° Y0e32°
qoelL" 9042¢°
yoeng® 90461°
9p¢0E' 90+l
q90452" 9vev1®
90s61° 90 L3’
nsnl® 0857
90¢61° S0¢59°
9049¢° sS0eOL®
90402° S5045%°
90411° wOeLC®
904€1" 50e9%°
90481°  5042p°
0134 4"

HIAMYT)
dHNIn

NUlivY1dWw03  viva

ongeeg OmooLe
SELnnd 2ofulo

0Vo0c00 NuoaInt
¢.”"00 000000

0102y ONlo0O
gaunn0 luaydo

‘he  GUs(s9°
oy S0406%"
‘nr quegnn®
‘on GUaphE’
oy Guegsg’
‘nw gneg2q”
‘mm Geefes”
‘ny Gueple’
nn Gusulg’
*hn Gue 462"
oy Sudies’
*hn GUeGGY*
1 50416."
‘nn quez29°
*hn qorean®
*nn Guizan®
“nn SnesIn’

un G04999°
‘nn Sos26n"
*nn sGepL7’
‘ny soégly’
“nh sueghn®
(4 93Q0)
117130 N3y
HOLyDTLE3ANT
OHIANT  NWY3INLS

¢oovue
olodvo

ovo0vo
010Vl

§Un000
slgnno

03¢0V
(D ITD]

[LEALE
g00n00

1ounGo
000000

-

V3svalinn il

eduQun Gu000Ly
00vOve Gu0002
Lovbud LUIude
199291 w1055 1Y
1CV0ou0 VLOOYY
nhined lubuhy
nlgnnnp Qunpduy

no0onLiian

quedLs”
quevlg®
suepin®
qosing”
queipe”
GueLbl”
qusnr }°
nosday’
hueveg’
nusYYy”
Sueesty”
SuestL’
(XYY
504 %G°
QUIETY®
Ga4 ¥24.°
[T 1 &Ad
Gue ELT®
(TR &
+oesLo”
Yoeo0oG”
§0453T°

43g

31 N%434

(*7u03) 11-9 31avl

4

Lo

-

~N

AN

[ 3474

. e » & 0 o & & 2 o &
O @I AN s DA DN D 0T T
~ -

e s
A g

O OATR LN ON NI DTY
-

'Y
)
x

SISADINY Wy iSnNY

Vhouvy

060ovY
CvoovL
MWony

teoovo

145v2o tnuv lopOn?

.—f
Y
‘n2
‘10
1)
‘en
.‘o
"bf§
‘o
‘un
clm
*ovl
‘ant
‘wR
*ug
‘uy
‘ng
nxd
"fs
‘en
‘oo
*oL

aAvA

‘uny 4 1%
“uny als
‘124 PELY
“t21 a3s
*123 a3y
‘edl s/n
“unt aln
‘ul a’~
‘wi arn
“wo alu
-QN— xin
‘usi PEL
1Y ais
‘o5 435
‘esi i
‘o2 SIH
"ol ._J—,
‘ute dis
Ly t/n
‘v tla
*s0¢ e
Y4 Xin
tyisd)

Je 300

u9eIVe

0Ovuus
vondie
%1200

00VOQ0

LY
inl
i162
20
562
ro?
R
euve
to?
to?
S T
we?
142
Qw2
Swi
rwe
1R T4
2w
1492
owe
62
' 7%
ez
942

‘uvy
183,

2 7w
1 XTwm
LT
Maw
Heon
LT
Had
LT ]
Moo
M
EPY)
Muh
Mut
LETY
Had
K
L1
MW
Lol 1]
“an
L1
otk
W
LT

3das
ARDT

k




v

Appendix B

. NTINITITANNAANT IMANRNNTITIN

® &= v @ o ® @ ® @ & a5 o0 s 6o a0 e~ eacas

FITONIP - NTVI = FaUI P =2 IDPXTIVINISAITIN LA~ =D

tVIRd) (visd)

idd

?'q
0ty

ndd4

* ® a ®w a e @ =wa s 0 0 e
- -

NN AN ANLNOITDID O

® & & o
L O
N AN -

.- OV ANADODNODID2NONT VN

~ T
“w N

- NN - ~

MR DN AUNT P wm DD T=NVON
-

e ® @ @ n @ ® ® S r o O e v e a e e anw

-—

- N

—m

W NP Q DM NYE T IO

N e

HNAD2INVOINI IO NN NNNDITIIANTNDIODIODPIPIDITIIIODIPINN—-ATA
-

43¢

9f¢"*
a2¢"
0cq’
haq"
nop'
LT
LT
12¢°
TN
ang'
22"
any*
n?q*
!
ayg!
e’
nga'
L1y
{a*
0qe°
9ayg’
2a"
2¢e"
f1q°
T
LTT N

OHZ 4W

‘odt
o:h
Y]
‘e
L]
"1e
-::
!
‘st
.1
1)
‘no
KX
it
‘69
'oq
*3q
‘¢S
*6%
‘os
‘an

(4
i

'ep 0°0c  ¥°12  w0eR2e’  Cgpz  ‘pg tet §ev’ 2900 xiw 13700 I I
*E21 nT0l1  6°90%  gne2gs’  fzar Cwy "21 w20° 2f0° xpw 1u»0u sttt
*22l 2%2s  ?'nt m:.Nv.“ e ”n~ ”u_ fua“ ~4:” xTu Lusine LI P
. M * T4 » LI )
nymen o giinoshedloGHIUolRC lebmienl U e e
VOI1 9'e01 91 SOec2ET  *ael  ‘wi ‘2l 20 T90° 438 1Onbw SE1 Mar
. . L] . . . » . SA* .
S T S T T A R R
211 0'ant 2°0t1 mo.,m«“ ‘sqt *nt nm. £e0® 250° 43aND 10r0e 2¢1  uay
“us e”sq a”am so4pat’ “so “»h .v. m~w“ ~q¢“ .au 1ona LR 3 B JETS
9 S°6f 6°6¢ 04211 3] (13 2t iegv® 29¢® 43nn 1an0e . 0€1 w.
”,~ 2’52 a”- ac.::w“ ”,aN “ﬂ. ”~, .~a“ ~ﬂ=“ Xlu Luom 62V Mua
y P - ’ ? 2
OO AN S BSR4 S ol
1] . . ry? [ ] . . . » o,
MOl oL SUEM G e 8
L] . . . . nu 30 [ ]
A AL S TR T Rt
1L 6°6F  9'62  soegot’ ‘ub ‘ar "2l €20 2¢0° Aiw LUNt 2o
Sul Byt §'Ge  moemga’ g "o 2V §20° I5v°  xiw 10 121
Yip t1'se t'9e nosLna’ *ng ‘Wl el geN’ €0 11w Lomn g v
*ug u'ael  9'20l S0ele2’ *roy ul 2V €#n° 26u' xjyw 1uEn. i
‘wa 2°gy¢ 1°ng 504261° ‘rot *al eV N20° 2§0°' 43S YU bW el
“nu .“.s wn_a mo.vo”“ ”rm~ ‘wt c2t e Nac“ FERUN) 10ROw '3}
] 0¢ ? 1 o 0 / 91t
R N T A AR A R R
"I 1°fe  2'wE  seall®  Caly ‘el ‘21 £20° 2ve' xIw 10~ nt
[} . . . » . . . . . .
.ea c.:o o._m mo”or_~ .ra. -s~ .uu mwn. umo. X[~ 10N [ 4 K BTN
vi 1°¢6 2'ls Shippt fni X4 21 1 X4 a¢e 33710 JToMlin n Ly,
2L 1'hn 8°92  n0eswit  ‘we *ar t21 129° 2y0° 430w lerny (R
‘2t b8°e0 f'at m:.s-“ M FA] usn ”M_ nua“ ~n=“ 430nn 1urpe 0ty wa
[ ] . L] - L ] » = Rl -
.mo e.s._ _.oc soentz .n- el .u_ -o. ofu’ ER ULy _qun 801 M
w 2°9h $°ns 902wl by 1.7} 2V £20° 250" d3ann JULHE err wmy,)
‘o f'65 RuE LTRSS Ay ‘ol al 28 12C° Ztv’ a30un 1U»I4 Lo
'1q nw'gh 442 nosses’ P Y *wt "2V f¥bv® EY0°' 3I9mN ,/Juﬂa?; 401 Myd
Gty 1'uwl  R'IM gOep2t’ ‘ony et 2V 20 250° 4agnn Tynte €0 M
*Lte 2°6l  6°lu g0e2EV° ‘att "wl "2l 120° 2%v° 33 Lasne ") uuy
'ty £°97L n'gn  g04p2T° *het ‘el "1 £29° 2¢0° 43gun 1520n £9}  uwm
‘en o'ha 24 sesant’ *ngt *ug "2l £20° <1ut F3aNNG JR Y™ 201w
tn S'gl1l 1°%08 sost (1’ ‘¢12 ‘e *dt xe0° 250° 43gen larta 107 sy
t4) (Sz14) (Sr1d) {v18d) {(930) (ND) (D) oAl ‘uN  3dad
™ 3 A 43 3d  3IM9uy 071 40 NG 3enw CTEE (7] 1841 13np
dntl .

AW -CL9- 2P0 SPMFS 1S3
¥I0[3INHIS  unLealigaanl

NDTLY I gn0D  VIVD  ININONTART  wWYINLIE  31MNO¥IgAH

(-3u0d) 11-9 379Vl

ER " Rt SR

Jp—

8 13



Appendix B

0’ a'al p'On £'h 60" pe'l ‘RO "2 2'er  m'rg  moewzR’ ‘6?2 'ee "6 0§0° 9F6' xla IS FADY pTMA LA ks
a't §'¢1 e'SL g'm rNat 29%1 4L 97wt G e g0 01" ‘ot ‘v g 050° u®  xiw 30 k00 IIINN ALY M
et ¢'fl w'GE  o'( 02n® 19°'1 *ae taq  1%0n VL2 nnanap® Cant ‘aq ‘g 989 wge'  xla £ TR TUNE 15 fh PTIECY & BT
o' 2061 Q'lg m'22 mmt' el 'sr g fey 1'¢8  ghegat’ ‘atg AT S TY AL A U LR TRVE I 15 & ETV R A R
01 AT A LA B L T D WA R VAN (- B A ) Q'in gniay>”® ‘ewt ‘aq g 080° 950° 4138 T ) S LU F Y B
0t @22 w'mh £°A1 Sngt 24 Al Cle Lt09 n'e6h  4hepal’ AR LT O 1 SR [ 46 WG Ani N S Ha
2t ¢'n? e'hg u'tl e 201 'sw ‘te f'iw 0'ay g0en22* iR ‘g ¢ agAt 9gu® Jlanp 3¢ when MLl Maa
t'or a5 U2 f'a 124° @01 *o»? *hol 0°eo a'nn I ‘151 ‘v 'g 0d"® 20" 41§ T weun (W2 T
et a'r2 o'l 6'5  Sna' (01 ‘hnZ ‘ie w'UY G'6n  ghales’ hgy o6 "5 Jeut Pyt g1 4 Wi Jwilan 24V bam
12 't o'? 2's wge' gaty ‘Loz ‘g o'oy n'gn quiges” *not ‘e g uZe®  §/w 36 4.0 IwlYen LI beu
?'h2 atol 1 0'w 4qs' KAl ‘12 *SL 9'Gs n'ug gnizin® it ‘ve g hZu'  xIn 36wt JalYun ol M
g’ a'ql  $*3¢ a'n fao' wa'y *t¢ oL 1'2e a'en g0egut® tand ‘e Tg h2o'  xXIw 36 HOGd Fwi i et sn
6 e'al 2'ng ' ELYR YA B YRS T I A 14 htun nosgen’ ‘ful ‘vg 'g n2u®  xw 3¢ AP IelTni, 991 Hak
1t 2%l 162 1'wf  Jte' el ‘wL "tz L'cov 2'rol  ghecen’ ‘nn2 *pq g n20° 3§ 16 A L0t (el wwp
o' ¢'ml atog e'fl f9q' et ‘e *ho h'ea q'na qheprt” ‘ant *ug ‘g n2u®  §swm IS wtand Jel i 01 e .
el 2'n1 £ P [T wa'l *wo LRTE ] Wlh 0'ne m.a.~f~. Couz *us ‘e n2o’ aib g BO0 341 I 39 e ,
't gLl a'sf  atn o' w9l °6f  ‘tuoy Q¢ 162 hoegnn® Sung ‘ug ' LEDRE 3 T FTIECTETIUNE S i DI IIUR  BEVpS
L g§'atl  ¢'us  4'ul V1e® 1ttt ttL tmp ntug 120 whenaes’ taus ‘ag  °q 026" S§/v 38 whan Yl bn fel ey '
' a'ql 1wy -~} tre* a2l "l ‘br 9°ng [tae nhenie’ X ‘e  °g n26°  xiwn IS wonC dwibyn 280 W
! €'nl  ytag  1'R2 293’ oe'| 'L ‘ny n'2n QMO 604GGI  toef ‘g 76 020" @38 3¢ A 06 181 ug
o't §Uel e'sg w'al 9ay’ ap't *cqr ‘9L t'ga LA LT § B Y ‘o g n20* S’m I8 W 091 Mgy
Y c'al 135 A*12 2ea' w0y 'Sy 'ry ntLty APy gO4s61" ‘10t ‘ug  °g T2 RS 3% w0 851w
p! rtal  ptdg 2'al Tuy' wa'y 'of *fL ntia airy (YIS *ant ‘e 's w20° s A5 wowl vl =ab
o't a'glt ¢'i¢ o'n s2a' 0%t 'ar 2L Ltun n'an (LT MR R ‘ng "¢ 20’ xin I8 A0 Vel b LS by
N a'nt  Atef  1*Z1 Gha' gu'l ‘al Cap 2'mll L'y G0e6n1° ‘vat L nre® XjJw ECCR TR | NG Heb bl
6 a'ql m'ng G Gup' 'L 'eL *2r ten 4°eG  G0ean1t Sty A P20t ¥Im AS  wOun Tl 0 $61 Ly "t
s’ e'cl  w'S§ w'ael  Lan' PRl kg "3y etinb 1°0D1 QOefg7* ‘up *a ‘s n2o® si 36 400 INDTeD 7u) My [oo)
FRR Atel  n'(2 a'9e k20' 41 'fu ftp §'a1Z 2%anl GOeteS’ ‘a9 ‘e °g ndat S A T 61 v
9'»n  ¢'ae 21 'S suv’  FL1 'PL2 'Sa 9oy N sdenanr’ ‘10l ‘g  °g neu® d3cnn 36 AT A ZST sy
t*ag a‘ql 't $'s by’ en'l *hAl2 ‘21 b'AQ UALT] gnsgas”’ ‘oot ‘ag ‘g r20® gianp 3§ Wn0G vl 161 Hu
6 a'cl a'62 <'n ten' 0%t v tto w'pa n'en gosqltl® et 'ng g B0t 43iuh 38 gt Il 061 vy
0"t 2'%61  n'2% e'el  1g¢° e0°f 6L '¢r o°"sal §°neb goegu3’ ‘agl a2t E50° FI5Nn 15080 6rl My
s 2'1 a2 ?'s 2un'tl qrtt “9¢  *wa Gty a'ss G261 " *ray ‘a7 250° 430n4 [RVEL P PrL by
't e'ml g'ne a'nsl wng® woty 1l ‘sn  ('2h1 Qe qusan2”® ‘o6t tug "ot 2F0" dionn Laras, ity My
1" g'mi t'12 'nm (R’ §1%2 'L 'hu  §°nv (AR L04n21° *ntl ‘al 2t 2f0° 4g3amn YT ant  we}
1"t 2'ql %92 t's  f1(' 602 ‘tw 'lL S'el §'hs  shegut’ ‘onl ‘e ot 250° 43080 \puniw srl wwr
'V e'al e's2 g'a 050 pu®2 ‘Pe ‘ur ¢t 1'fu 50801t Cend ‘we el 2€0° 430Mn 1areg L1 B P
' ¢'al w62 A'tl §E0° 22%'2 *{a *mr; n'as Q' aq ghet1n” ‘121 tar 20 2¢0°" 43 I T L L1 I Y
t'? e'al w1 %2 966° N2 *nit ‘auw  R'?E 6'%2 nosgpe’ tyr? fur 2t 2€3°  alw LGatn 2rt  Hw
'€ ato2 o'tl 2%atl  81g* et ‘1<l ‘29 ktonml 2°'Ln g0snin’ L ‘uig  *21 2€0°  XIw O UL (L R TITY
{vlsd) (visd) t4) ¢4y (8/14) (SzL4) (vISd) (M) (ND) ETII Y ‘ON  3dal
) ddd  Ndd dAMW  43v OW/Z 4N YW i1 nl A nA 434 2d ERULTI A na  3anw w0133rnl 1531 3, ;
Al m
3
HIGLINMIS  #PLvD1 1§ 3ANT &
NOTIYITAWNd YAV INJWOBTANT WY IH(S XD IJAH _
|
("3u0d) 11-9 374Vl
» . v . .
B S Lo . . . Lo gyt




Aprendix B

e
N

' a'oal .
2'2z ot
1'2 e'ot gt f1o9te' §n'e !
100 . t *ent * .
8'? NPT a.:m n.q_ 260' 291 ‘¢4t .n& 1071 S'unl ghsjon® -
6'2 ' M0 ot s€s’ oy S1 0 S'wil 12 " ‘et . . £
) AN I A aga’ [YSATRELY BRL ¥ I S 1) . 11 ghegen’ ] .Nq I weh® ngo! < S i
2 ol . . fQ thet ‘e . «nt b'enld 0 N 181 ey 't Ve 438 N - >
2% . tt02 2'a  mee’ . &t 'y p'sot . Ghealh P*T . . wer® 0g0° . 33 B=WY =) @ u
62 .n.a“ £ 1t g wu." SIS ML M.ma soerin’  taol .nm S we0ruker uum N:,.u as 11 = oﬂ.‘ o ¢ m
n 2's1 . : gut g . LI LIS T g . ! €oC* . INOY we nu2ey <
s i g f'a  1ge' o'y ! t °%ts  o% p wotl  ‘ev ° ofe’ g8 ny =y 3ty . o
1'sa1 1° 1 tost fo . 8 §heaen’ . of ! wed? . - FEO LI T A 02y L.
e +'al , 21 Ste' ey’ t otos 0% nul *? . p ofu ais k) n 1 4ty ow >
g'agl n'hn . QL *e . H 1Y IS . 12 1 NPT o Ia4) BN . en
n. 1'al o 'YX 3 aq’y . L s'le 1*a (AN} 2 N vfu PETS . i Q1L nu: -d
, 91 Y . 8 g0etat" . f t 20 ° MY e - el & <
«. «uhn L] n.M MNM“ 6oty tou .ww M.hw wuha noegon’ .“NM s w0 MM““ uuw nnd zcgn“ -" wwﬂ pue M% Q
T ‘sat n g9t ‘er * . T YYT T SO s 1 0% oy 303 &= LRER (o}
a'h2 2'cl { n'g e2r! oot v iter @ A e ° . wed® 0i6* a8 AN T S 3 o
2 £ ' a6\ ‘it s . 6L S0so0ut’ . 4] ¥ wet? , 9w D) B - BN (U Y
plcs e'ni . L tea' an*y * t 9sn L wo? ° . €0 Al Il B 4 2 =
't . ) teca ¢ . Vg sne2utr’ ' 2% t 0° 43S 1Ny ruy &
a'hy c'slog' o' 09;' oy * 2 Y1t t'ue £t TS . §20° ugo’ PY "
! [} ¢ . 0% 1t . Gir n:.N?io . P43 t 20° . (X1 Ny T hedn o
0'67 <'nt g'1 S 2un  any °* o6 f'ng A% ’ 6l . . we Mgy 43% b GIL
' 1'e ’ ni?2 *tn . P GueRRE" . £ i 20° 0 2%
i n W RGRSEE G OE B I e ol e
a't ' wie *% . h§ coep0s ' v i 0 , ! I Hrew
ata? 2°'gl . n'1l 209 oy o L w'o . hO§ tel . PEAAE T o
£ J te*y ‘eee ! n'Sy  gnealn’ st . eIs w) oL Muw
[N ALY ' SELIRETN oy SI w2t mte in ‘it ’ . w2h® age’ ] ! un
. "y 21 T . tnt ‘w22 'y R S Gustunr® . ef t wan® ., ©° S FINLS) T Hua
SRt A TR TR BRI S AL 0Tt 2k a0 sy wl .
¢ - £ 1 ) 04§ EETVN ] - Mk
i atel £FL stn o twal vvovter el 195 §tvalcn el . wals uge! Wy eg 60 g
" ¢'gf a* ety 2L ‘o . AT LY YN . H 1 ne a3s MDYy T oHewm
. £l21 ot L L L LN o of1 ‘o ° €20 UEUY §3atn weNY 5 2
§ 1 . it IwND - LR TN
'] e .- 1YL fa® . .Mp 2t b'np wer qosgot® ‘ool R 20 0EU® A ey =
ntog ¢ et sy ° . 1wy GGeast®  °a ar ne Aann 30y e 01 Maw
L stul 6 €'a  tuo' ot 20 foy n° 6 ne . . wdh® uge’ w1 g uot .
i \g e . "l Ghegu>’ . I41 t oo 438 WHY  w=ar [V
Ll bl fun’ paty toennL 2% ‘ SRS S R 4 vga’ : w=ry =)
h . 6at] "o * 2211 goesps® < 1 . S/w TR - MO b
I <ol &' ¢ een’ 41y tad wwe 1'e2 6762 es ‘§o . . wge® oge’ doE=wI oy ¥
< 4 : Z hre . ey 1 L0 e SIv du092 - vh LY
0 a2l siem o't eeLr (9 IR TR DT o0 ‘%9 . . weh® ogu’ s 292 WN Y %)
2'ng 1! IS I . 42 pbhsuget ° st ne DS/ dedd) we 161 Haw
0! ' a Y . LYY . ¥ { . we® ugo AR 10N B
g'ne a'en ’ ag' ‘pe N 2t gosp01° 6 ¢t . S$/w %D 1 9ab my
ney PP . e'? i 2001 ° ne h'gn oL § 2ol ‘¢q v o W20 uLu® s L U B TR - w
€ 1 a0 It IeNd - 6l kan
R'Ls  a'>q ...NM e fsa' a3’y M ‘fa 1°'nn T nosorh® 16 . R W2n® aga° § Ien we V) = m —
St b . & Loetot’® . t4} t 0 . I'n IN) ) 61 (TS '
10¢n n.oh 1.m ‘g Gfn' ca'y % AT I S N R ‘T4 a0 we ) =1 §
t 'sne ¢ . "t qheng?"® 41 ' . S/n Inird oo 6] biw o)
AT I AL @'f  1'09 ever 2oty n21l 0tan ' §hennd ‘eq . . «29° use* 336 Petmit oy 2
- ] ' 91 ‘052 ‘s . 16l G0enic® 141 t oo 6NN 3INDI - : 61 M
e'ng A'no9 s, ' (ISR YR . £ w221 stortl B LS tagt . . MMt UgG* 430 eI B |
h 4 2 OF (13 43050 3m)d LY
ntez a'nt A.N q'an tin . $2¢ M1t v 'hp . qheant’ et . < ag 0 aco® M) Qe =y "
st ' fo9') ‘qug €hog I * v’ . §/n 3T 8 061 buw
61 a'et ¢! '8 f6s° aa'y ’ ort rtsev 2° ol ‘up . . 0f0° wgu! ; wne .10 s
1's2 . 'y ‘ser * . LYA01 Q04191° 18 < . 439 e o 0 set w4
0 ¢! 1*°nl fia* . 0t L%oag . 91 0 . ag0° Qgo’ ACag Jei ol
¢'al o'l . wa't *s¢ ¢ 1'on G0¢0pn"’ ni «q 'S . S/n ac ' Cowelowm
9 el ' L) (TN vy o 0, 0'ey T uh LY f . yge tgol . : W, Jalen o o>
H ¢tag 2't . ga't ‘1L %y . (49 Gosnel" . 13 < pey . 7S 1€ | wF 00 R el Mpw
Ll e'nt ot . sne* L't ° R 9ta, atey ! ¢ . 96 43S ud el 9@
) atag ¢'q . e9 'la n'n . gness?’ B L8 [ og0° 950° 3 4% NoDa vl ir “on
(vigd) (visd) nint 1L0) Tes tee o.hm M.HM hoea2n 7 .”n .MM “M Ul ato! ”“M wm bt d._th wu” e
4dd  ndd . - noerest . 9L’ ase’ 3n0g 3¢l o -+
A 66 Xin . i%1 v)
dAMN {34 OR/Z4W MW wu“ va ($719) 18719) ’ fg ‘s uibd* 9t6' xiw wm A0 i N0 dup  bems
4A DA . (v1Sd) (91a) ) @ wiud IRIINND 19 wee
g A9uv 0/ o T ront
awl 00 300w » - *on 3dal
‘ WL23rnul +$31 Mg
HIQTINK
28 4NIvOL163ANT
NO1Llv1
14wy YIVD  JMINONT4WD WY
ML ITT0%8344M
T3u z
(F3403) 11-8 379Vl
i <
»
“ o
. )
« 1%

P
f
.
. A
..
. “ > Py



Appendix B

et gams £ e

AR AR A AN A

-
-

&-

-
.
v unT

(vlGd
44d

}

ntal
rtal
ntny
ctal
a'al
s'al
ety
a’nt
nol
et
0ty
el
t'ql
2'n
[ ]
t'at
a’gl
w21
ctny
ein
2'qy
nlal
¢
gtay
a'al
Al
<tsl
2'n1
ntal
IANE
Y
o'al
N ae
1
1'al
(A N2
et
s
ntat
1t

(v18d)
cad

n'al?
0'?%1
AR
ISLZa!
%591
ettt
LT3
a'nygl
1°65 1
t'val
?'20!
u’nugt
s'apt
ARy
rtoyl
AL RR
st Lt
o't
SEL]
Ltest
£°641
n'ugt
8691
2°%1

s'ai

1'o?

st

IANEY]
?ruqt
t'rpt
plugl
‘et
n'§e?
211
n°sel
a'ppl
2°%nqt
2%091
FARTY |
51

AAMw

3

~

DI~ B NIPNTFT VNN~
-—

e'sl

LY

DO ANNT > TP N
-
DM =P =NV LVND -

-
-
E

oy’
LTV
14t
yga'
negy'
s’
Tip®
2ua’
wda'
§2¢°
T
Heyt
ni{o’
Vet
tuo'
Qpa’
LT
ony*
foa'
2yo’
OZA.-
vig !
tee!
ser!
Vya®
oy
e
9f\.
(YT
qa;°
(“ne'
‘ﬁu.
197°
nhue'
LI
590
coug’
a-o-
L1
157°

(7 4n

¥

0

‘uw¢

*ng
Y]
‘o
‘9q
.:3
.’h
0N~
*uq
M Y]
teu
¥
'th
QGN
."
.e\
.N—t
-F\.

4}
"y

mOTLY i[awy

ntuat
(K]
(K]
7.:,.
¢t
(ALY
v
Yyt
0 4y
| SN Y]
§ %l
LGS
v'ne
| A
AN R
[ Hi)
CRENY
wles
[AETY
'y
[ (%1
ues
y s
[AXAS]
[ B KT
1%y«
thet
v'ou
¢
LR A
wtont
AL K]
St st
Wt
Q'yn
'S
§ vl
L9
XY
[AFES]

(s714)

L

R°un
9°%un
6°?7%
S%tn
L)
n*ou
¢y
§* it
0%
17wy,
n’ow
wite
et
n*ln
1tert
1y
wlry
e
w'Sy
Qi
20
LA ]
D |
el
st
§'qu
ARR
1%
540y
[ ARIDE
6'ln
LAAARN
[RTRY
6
RARN Y
NS AY
2%ug
w'tn
stnel
LR T4

(S7L )
A

M0l INHIS

iva

Sheout®
qneayt®
nhseuu®
qrevit®
qOegtn"®
q0e/51°
Gueyst®
nanih’
oo "
quepyl®
Gheyg2®
rbercoo’
Lrer 2t
Greget®
P RY N
LT TN
tnsete’
nrevne’
quey2?’
(IR B
hoecyge®
(LYY A
tNeuga’
[RIR YN A
Guegir®
EYYR P
[IX XL I
Goeryt
quee(
(RN Tl
Lt
[N WATE I
Lnee >
X1 YA
quegin’®
rueifo'
Goeu 1’
ghetgt®
ses2°
Qusve2”*

4%

LHIwOM] 4]

*na (19
foy ‘ue
*re "l
‘rul ‘uve
‘o ‘g
v *ug
Y *uy
S92 Sy
teng e,
‘ros *ug,
‘elg N1
*eor ‘we
tion * e,
*uin ‘ug
‘rw ‘o
‘e *yg
Yiw “uy,
‘eg ‘ut
MG * e,
‘qn? ‘ug
AN R
‘st *ut
2 t ey
*1e? * v,
‘1n ‘wg
L ‘us
*ypo fug
*Pey ‘ug
't 2N
et P heT 3
LY ‘ue
‘une ‘v
...&u LY
a2 ‘ug
‘any *wt
‘16t ‘e
*r? *uy,
‘uul ‘ug
‘ot REs
‘ot tug
(v 1S4 (2w
Jd

HNLwHTjean]

WY iu3§Q

(F3u03) 11-9 318Vi

-
-
-

-

220°*
f-\.-c
ne o
22’
‘ng 20
ceh’
\.V.—.
vie?®
gge’*
wgbh?®
:n-..
ugo*®
PIN
o§u*
age*
(A%
0go0°
ugo®
vgo’
a50°
n§o*
0go0°
v§h’
PP L
ve9®
ver’
0eo0°
neu’
veo*
vo*
ogo?®
Jee’
wen’
ver*
gee®
e’
TTdiN
[ d e
ven’
vee’

DAhAr PPN DOADNDNIDDD

® o ® ¢ 8 o © 0 " s v s e

LABR AR LR AR LR R I A T A I G I

) (ul)
ars 4

31 I TgaM

Q20°* B )
9°u°  xitw
CHITRNY )
Q20
urg* u“H
LT I T
UF S R R T
w0t g8
LI AN 3 I
tm:- URE Y
LT AR T 1
LT A I
NEOT 3w
T4 Xt
L1t 1
oM=. “.w
o' xlm
90" afw
LI AR 14
AU°  xia
LT "% .
CMN- “"”-
aqu PRI
"o 18
020" uun
ree’ LRE
rPu' 418
:x“. PRES
LELTANEE T
P2y’ 418
P20°* a3$
rret s
P2y s
wev® Crw
P2e®  N/n
n2v®  slw
P20 A
VT4 Y
anc. m““
uZ0" 4Inn
(el

0y Ytk

I~
I
I~
K]
I
K}
J -

<

"~

T3

s,
L1

Rl
e
i<
1<
N
¢
e
i
[ L+
KA
1"
ac

LAY
4¢
e
ie

- eg
oiggots

whyoe

Hie

FT
et oo Y
o).t
el g

FATR
FIETS
IR

ddat

"l
1w
3w}
dln
Ivl]
i
119,
Twl i
P T°% B [N
‘el
Yul 3o 01
Il
Yel e
I RN
iv] T
1a3 ¥
svl
apl
EET R
pel
Il
vl
Yol 0
qel 1Y
tv i
A‘m
1a)
ywl
Avi e
Iw] 1o
Iul Vel

PRYWRIEN

vol
L1 2
»SL
st
gy
$61
rol
1<
424
st
vl
srl
-1
[0
unil
$-7
nrl
st
rs
"1
L 3
0§l
vel
3 2%
vel
L1 A
rsL
IR RS
4%’
st
[ %
(X4 %
v
2%
LT A%
2?1
et
st
2}
et

®iyn
15

1 s,
el &Y
*ed
Py
\AlT 4
nugs
LT 4
P N
Pleds
LS
LITP XN
LI R
nee e,
AL S
LT 4N
rwg-,
LIW LN
LY 4N
LITF XN
7le-c
LA T 4
LLZ &%
LA T4
Li T4
LT 4N
ted L
Foede,
LT 4N
Nied
pege,
P
ALY &)
b,
tegy
SedN
-l
LT &
redn
reda
LIXP4N

3aa1
1ng

B-16

I
N

peeep




Appendix B

e e et e i -

JSr-vSWYN

R ¢ ! /y
XYY ne the ‘o
Ny tae tye ne
tne ‘e the Y mm
‘o LYY 10 ‘he
na 'Y e Y AEWhL
O ne e ‘ne . 4 X
10 ‘ne L) ‘ne PW
‘04 e 0 ‘os -
04 ne G ne ‘3
e 'ae 94 ‘ue S i
0 ‘ae 0 ot W% “
LY ‘ne e ‘o :hl“
i fny ‘ns ‘90 “ne & !
‘oe ne fae tge oo
-zv . ~50 194 ‘a
“3. “:o 10 ‘ae
0 ne 0 ne
“a. ne 0 L
LX) "ne g oo
L) ‘ae .“. .N. -
LX) XYY Y ‘a4 :
G ne ‘e ne r
Y ne oe 1oe P
g ‘o oy ‘e '
o ne LX) ‘ne ~ -
04 ne ‘ot ‘0 1.| :
‘o4 ‘o ‘0 ‘o¢ = 183 ot ,
it .
R'2  §Y%21 £'02 '3l mua' 1a'l *wsl fer o'z €'GL SDec0f’  'gaz  Cng fh2 220 020’ 418 n kOnG Vel ZM..“”MN :
w”v ....Z su:. n”n SUL® 991 CIST Yuz 0'ng L°st [T Rt ‘ug  "h? gev® 824" dlw I sfd 3vlha o1 negs
L4 s'at nttz 2%» 2RLY FetiL,t Ul 'St n'ae 0L Lhe0p>® ‘ol Yas, "R 230° Q70" XIW L PR LY ' N
. . . . . N . . i Iw  Rind Fal 150 21V By
(R4 s'et g've 1ta 28l $Q%L 'anl *a9y  ptafy 2'nal q0enns’ ‘s9 'ug  *n2 2w’ ozet alw In 8000 +xITun e
] ] a 'n ] L] ] . [] . »ﬁ. iy
LN e o.: foe’ taty thbt tir mteay 4%t21 S0enfc’ Y ‘ug w2 220 Q20° S/u In wtadg 1wl Wi 00V nue <
L S A L L A L A ML Y9 §pal §U(21 GUegES’  C1pl Cug ‘me 220 920" siy 1N BP0 Wl D el wu2p
(,1 elat 2aag sist RL2D gonl lofl ng U181 b6l SOeTER’  *Pe? g el 22U° 928° 438 Im wind elnn w01 pue
. Sl Gilgl grf f0er shtt TAL nZL 6res widE pONNA®  Prer  Cus  ‘e2 220° 920 54 fw i@ Inll0 (9 ey
2 u.n_ a._:. ~.u. T:. aa._ ot 1t L've 6° 06 see2it’ *any 'RG  *n2 220 920° afk ty 806a el g 991 nups
[ nral erast ore  Z9L0 2901 TR9 U IR L B L LA A DAY LA B *n2 220 900° wlw I wADN InTRn SAL Angs
t n...“ \.nm. o._ 99 ~o.— ..; ”2 Ln ..“2 noeog; *anl g *m2  220° G20°  xww I AN9G IvlIun nty ruga
~. a.: :.:_ ...v. oZ. .3.~ .: ol 4'ss a’Sh nosoLn® ‘a7 ‘WG "hZ 20t 920 xiw In 0N IulInn SO eugn
2 u..._ a.:— R'T R&R' §5°1 'a9  *wo hthm ACSE R0IGI® Canl Cug ‘r2 @220° 920° W IW AROA FulTun el muen
2 a'al 1'mgt 4°2  Sny' metl ‘99 ‘ol n'en  n'l9 Seapt ‘26 ‘e "h2  220°' 920° .xiW  In 1wl INITUN E9L megN
(vied) (vise) () (4) (871 4) (S/719) (vrsh (9 *
. ) (NE) (D) IdAl 0n 3dat
idd nd4 AAHN 434 (H/ 4W  Hu Fl1 a2} iA DA kL] Jd 3194y 079 FlY) 00 3a00M HDLIICNS 1834 VI
dnl
¥I0TINHIE HOLwuligdAn]
NOTLIY 1T 4unNy  viV0  INIWONPQivD  WYINLR  J1INT414AH
i
("au0d) 11-9 379Vl §

¥ [ . Ax - s ° o . L] w L .



